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INTRODUCTION 
Recent events in international politics have had a great impact 
on the economy of United States agriculture . Present agricultural 
economics have focused attention on the need for rapid and timely in­
formation concerning crop acreage, yield, and general crop condition. 
Increasing world demand for United States agricultural products, 
coupled with an increased domestic demand, requires the d evelopment 
of a means for assessing the status of major agricultural crops over 
large geographical areas at several times during the growing season. 
Even though present crop reporting methods are reliable for U. S. ag­
riculture, this information has been largely after the fact due to 
the time required in compilation and evaluation. 
Any improvement in the quality of this vital information would 
be beneficial. Eisgruber, using 1966-1970 prices, was able to show 
that a reduction of two or three percent in the error of estimation 
for corn, wheat, and soybeans production would result in a 14 million 
dollar net social benefit in world economics. (21) Today, the value 
of improved information would be considerably greater because of the 
large increases in the prices of these commodities. Ewart states that 
more frequent and timely estimates alone, even without an accompany� 
ing improvement in accuracy, would result in additional benefits. (8) 
/ Remote sensing has added a new tool to aid in the collection of 
current information concerning agricultural resources. The use of 
aerial surveys has been investigated, but the large areas needed to be 
surveyed have made the cost of aircraft inventories prohibitive. Thus, 
a data collection system with a large, synoptic view is required. 
The first in a series of earth resources satellites, now known 
as LANDSAT and previously called Earth Resources Technology Satellite 
(ERTS-1) , was launched in 1972 and has provided just such a data col­
lection system. With an altitude of 900 kilometers, the satellite 
provides synoptic coverage of the earth's surface to be collected at 
18-day intervals. 
The National Aeronautics and Space Administration (NASA) of the 
·United States government has realized the potential and importance of 
developing operational agricultural inventorying procedures using 
satellite data . They are actively carrying on an extensive research 
program titled: "Large Area Crop Inventory Experiment" better known 
by the acronym LACIE. One of the many areas being investigated is 
training set selection. 
Along these lines, a research project was undertaken during the 
1974 growing season with the general objective being to study the in­
fluence of soils and vegetation on LANDSAT signatures. The specific 
objectives of the study were: 
1. To investigate the relationships that exist among soils, 
vegetation, and cultural practices. 
2. To evaluate Exotech radiometer data for agricultural 
orientated remote sensing purposes. 
3 .  To determine crop species identification capabilities of 
LANDSAT data using accepted statistical procedures. 
4. To test LANDSAT data against ground based measurements 
2 
to determine the capability of crop inventories on a 
county basis. 
5 .  To investigate to what extent soils influence the spectral 
properties of a single vegetative cover type grown on six 
glacial soil associations. 
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LITERATURE REVIEW 
This l i t era ture review cons is ts  o f two p art s :  Firs t ,  remo te 
sens ing and s e cond,  the re cognit ion of s o il s  and veg et ation via re­
mo tely s ens ed da ta . Al though s ome o f  the ma teri al i s  f undamen t al , 
4 
i t  i s  necess ary s in ce thes e concep t s  are b as i c  to  the as sump t ions and 
hypo thes i s  that f o llow . 
DEFINIT ION 
Remote s ens ing may b e  def ined as the de tection,  recogni tion , o r  
evalua tion o f  ob je c t s  b y  means o � dis tant  s ens ing o r  re co rding de-. 
vi ces . (2) A mo re complete · 4ef in i t ion denotes the j o int  e f f e c t s  o f  
emp loying mo dern s en s o rs , data p rece s s ing equipment ,  info rmat ion 
theo ry ,  p roc es s ing me thodo logy , and co mmunicat ions theo ry fo r the pur­
p o s e  o f  carrying o ut aerial o r  sp ace surveys o f  the e arth's s urf ace . (45) 
HIS TORY 
The s ens i t iv i ty o f  certain chemical compounds to light was f i rs t  
de�ons trated by Johann S chu l ze in 1727. His  d i s covery o f  "l igh t­
wri ting "  is the o rigin o f  the term photo graph , which l i terally mean s  
wr i te wi th l i gh t . (62) 
The inven t i on of the dageurreo type in 1839 by N ie p ce and Daguerre� 
g av e  man his  f i rs t  re co rdin g  p o s i t ive image s enso r .  The f irs t known 
s uggest ion o f  aeri al pho tography app eared as a jo ke in  a French.c ari­
ca tur e in 1840. Tournachon pho tographed the v il l ag e  o f  P e ti t  B i ce t re 
near Paris , France , f rom a b alloon in 1858. The f i rs t  succes s fu l  
aer ial p ho to g raphs t aken i n  the United S tate s  were made i n  1860 by 
King and Black. They photographed Boston from balloons . During the 
5 
Civil War, General McClullon used balloons to obtain aerial photographs 
of confederate positions. This was the beginning of military applica­
/ 
tions of remote sensing which until recently have overshadowed civilian 
uses . The advent of the airplane in 1903 ushered in a new era in re-
mote sensing. Wilbur Wright in 1909 took the first photographs. from an 
airplane. Soon after this, the U.S. Geological Survey used aerial 
photographs for contour mapping in Alaska. The military significance 
of aerial photography became evident during World War I where the im-
portance of aerial reconnaissance and photo intelligence was clearly 
demonstrated--improvements in cameras, films, and techniques followed. 
In the early 19 20's, government agencies began to utilize aerial photo-
graphy in map compilation. World War II provided the stimulus· for 
striking advances in techniques of photo interpretation and more sophis-
ticated cameras and films to match the improved aircraft that had been 
developed . The research and development of the war resulted in the 
development of cameras and sensors nearly distortion-free lenses, im-
proved camera shutters and mountings, spec.ialized films that were sen-
sitive to certain portions of the spectrum, radar, and the first large 
rockets. Perhaps of more significance was the training of large num-
bers of men that carried their photo interpretation skills back to pro-
fessional activities after the war .  In the following Cold War years, 
the need for military intelligence brought about the development of 
high resolution film, precision cameras and lenses with expanded focal 
lengths, and new aircraft capable of supersonic speeds. (62) 
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With the exception of the photographic programs of the United 
States Geological Survey, most of the technology developed by the mili-
tary was not adapted to civilian applications until the establishment 
of the National Aeronautics and Space Administration (NASA) . 
The Gemini and Apollo programs, although primarily oriented to-
wards manned space travel, were the testing grounds for much of the 
instrumentation and technique development that evolved into LANDSAT 
and the Earth Resources Observations Systems (EROS) program. 
PRINCIPLES 
The energy radiated from the sun is created through a complex 
thermonuclear reaction that conve�ts hydrogen nuclei (protons) to 
helium nuclei (alpha particles). (59,76) During this process, enor-
mous quantities of energy are released. (57) 
The wavelength of maximum emission intensity of the sun is deter-
mined by the Wien displacement law: 
max = 2897 x 10-6m. (3) 
T 
Wien's law states that the·maximum energy output is in a wavelength 
that is inversely proportional to the temperature of the body. Thus, 
the sun with a surface temperature of nearly 6000° K has an energy 
output maximum found in the middle of the visual range, about 4.75 u�. 
(57) 
The frequency at any point in the electromagnetic spectrum is in-
versely proportional to the wavelength and directly proportional to 
the speed of the wave motion . Since speed is constant (3 x 1010. cm/sec 
·' · 
or 18 6, 000 mi/sec) the relationship reduces to: 
Frequency (cps) = 3 x 1010 cm/sec 
wavelength (cm) 
Portions of the electromagnetic spectrum are ref erred to in terms of 
its wavelength . Wavelength can be measured by several units, but in 
7 
this paper, all measurements will be given as micrometers (um), which 
convert to: 
1 um lo-6 meters 
1 um lo-4 centimeters 
1 um 10�3 millimeters 
1 um = 103 angstroms (68) 
Approximately 9 9  percent of the sun's radiation is shortwave from 
0 . 15 lllll to 4 . 0 um . Of this radiation, 9 percent is ultraviolet (0 . 15 
um - 0. 4 um ), 45 percent is visible (0. 4 um - 0.74 um), and 4 6  percent 
is infrared (0.74 um - 4.0 um). ( 68) 
RADIANT ENERGY 
Of the total energy sent out into space, the earth intercepts 
only some two thousand millionth, which is equival&frt- to a power of 
L 8 x 101 4  KW. (3) The average amount of incident solar radiation 
striking the top of the earth's atmosphere is approximately 1 . 9 4 
cal/cm 2/min. This radiation is then subject to scattering, reflect-
ance, and absorbtion as it passes through the atmosphere. During this 
time, 2 9  percent is reflected back into space by clouds and atmosphere, 
and 6 percent is scattered back into space . The remaining 51 percent 
reaches the earth; 34 percent as direct solar radiation and 1 7  percent 
' 
8 
as s ca tter e d  radiation.  (68) 
INTERAC T ION OF L IGHT 
The s o lar r ad ia tion that do es r e ac h  the earth's s ur face is dis-
tributed thro ugh three dif f er en t  pro ce s s es :  r efle c t ion , ab s o rp tion , 
and transmi s s i on . The relationship among thes e  pr o ce s s es i s :  
r ef le �tio }l + ab s orp tion + tr ansmi t t an ce = 1, 
wher e uni ty i s  e quivalent to the energy in the inciden t  b e am .  All 
three p ro ces s e s  t ake p l ac e  when l ight in teracts  wi th p l an t  lea ves . 
Tr ansmi t tance , however , with op a �ue material s  s uch as s o il s , i s  zero , 
and incre a s ing the r e f le ct ance therefore decreas e s  the ab s orp tion an 
e quivalent amo unt . The e quat ion for the inter a c t i on o f  l igh t wi th 
so ils b ecomes : 
r efle c t ion + ab s o rp tion = 1 (8) 
The per cen tage of the inc id en t  global r ad ia t ion r e f l e c ted by a 
surfa ce is  known as i ts a lb edo . It is  in fluenced b y  sun angl e , lati-
tude , and  s e ason o f  the  year . 
r 
REFLECTANCE O F  SO ILS 
So il texture i s  an impor tan t  prop er ty af fe c t ing so i l  re f le ctan ce . 
Laborato ry s tu dies o f  disper s e d  s o i l  wi th o rgan i c  mat ter r emove d ,  dem-
ons trated  increas e d  reflec tance b eing as s o ciated w i th d e cr ea s ed p ar ti-
c le s i ze . (49 ) E xp onent ial increases in re fle ctance we re f o und to  
exi s t  wh en kaol in i t e  p ar ti cles  wer e  les s than 400 microns  in s i ze . (8) 
When tonal d i f fer ences on a pho to  are ob s erved w i t hi n  a f i el d  or b e-
tween f ields , the que s t i on of wh at has caus ed .the d i f fe ren ce i s  o ft en 
..1 J l 
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dif ficul t  t o  ans wer . The r atio s of  reflectance values o f  r e d  l i gh t  
and b lue light h a s  been u s ed t o  s o l ve this p roblem . (55) The exp r es -
s ion o f: 
R1/B1) R2/B2 = So il  Textur e i s  r es pons ib le for  tonal variat ion 
R1/B1< R2/B2 = So i l  Mo i s ture i s  resp onsib l e  fo r ton a l  var i a t ion 
1 = dark ar ea in a field  
w 
2 = ligh t area in a field 
s tates that if the ra tio o f  red refle c t an ce d i vided b y  b lue l ight 
reflectance from the d arke r  area i s  l es s than the value ob t ained f rom 
the s ame r a t i o  in the ligh ter tonal a rea , then d i fferen ces in s o il 
textur e  ar e respons ib le for the to nal ch anges . 
Since mo s t  s oils  are not naturally disper s ed o r  vo i d  o f  o rg anic  
mat ter , the res ul t s  o f  lab o ratory s tudi es do  not  always  s imulate field 
condi t ions . The ar t i fi cial breakdown of aggr egates  d ur ing the s ample 
prep ar at ion usual ly leads to an increas e in reflectan ce . Fine p ar t i -
cles f il l  the vo lume more comple te ly and g i ve a more e ven surfac e . 
Coar s e  agg r eg ates , having an irregul ar shap e ,  as a rule fo rm a very 
com plex s ur f a ce wi th a large numb er o f  in te raggregate pores . (53) 
Reflec tance o f  undi s t urb ed  s oils me as ur ed · in the f ie ld are generally 
o ppo s i te to that meas ure d  i n  the laboratory . Sands usu�lly ha ve high-
er r eflec tance s than s il t s  or clays . The fine- textured s o il s  gener al-
ly have mor e o f  a granular s ur f ace s tr uc ture than s andy s oils . These  
s truc tur a l  aggrega tes g i ve them an effe c t i ve p ar t icle tha t i s  larger 
than that o f  s ands . (49) Thus , difference s  in s o il s tr u c ture can ha ve 
a s tronger influen ce on the r efle ctance o f  a s o il than i t s  s u �face 
1 0  
texture . 
Fo r the s ame r e as on , s ur face roughnes s  which i s  us ually d etermined 
by tillage pr ac ti ces ef fects  the re flectance o f  a s o i l . Any t il l age 
p r o ces s that b r eaks the surface crus t o f  a s o i l  and inc reas es s ur f a ce 
r o ughnes s wi l l  decreas e the ref l e ctanc e o f  tha t  s oi l . If the t i ll age 
pro ces s b r ing s m oi s t  so i l  from b eneath the surf a ce , the r e f le c t ance 
of that s o il will be r -�duced . ( 4 9,  1 3 )  
So i l  co lor  i s  ano the r  impor tant factor a f f e c t ing the r e f lec t ance 
o f  a s o il . ( 68 )  The s t an dar d me thod o f  meas ur ing s o i l  co lor  i s  b y  com­
parison to s tandar d  co lor chip s s u ch as the Muns ell s y s tem .  ( 4 8) In 
this s y s tem a c o lo r  i s  de termined by a comb inat ion of h ue , val ue , and 
chroma . Hue is  the dominant s p e ctral co lor , and i s  related to the 
wavelength o f  l i gh t . Value is a meas ure of degree o f  d a rknes s o r  
l ightne s s  o f  th e colo r and i s  relat ed to the to t al amo unt o f  l igh t re­
f le c te d . Ch roma i s  a measure o f  the p ur i ty o f  the s p e c t r al co lo r . 
(10 , 65 )  Hue and chroma are waveleng th dependent and the re fo re shoul d  
pro vide a b as is f o r  r ecognit ion of  s o i l s  by remo te s en s o rs . 
Al tho ugh i t  h as l i t tle d ir e c t  inf luence on the f unc t i oning o f  the 
s �il as a p l ant me dia , many so il p ropert ies and conditions cari b e  in­
f erred from the co lor o f  a s oi l . Laboratory s t ud ie s  h a ve s hown tha t  
s o i l s  g ener a l ly h a ve minimum refl ectance i n  the b lue-viol et p o r tio n  o f  
the sp e c tr um a n d  maximum vis ib l e  r eflectance in the r ed region . (12 )  
Shown in Figur e  1 i s  a typ i cal reflec tance p a t tern pro duced b y  agri­
cul tur a l  s o i l s . 
A f ield s t udy that compared d ifferent f i l ter co mb inat i ons  f o r  · 
40������������������ 
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r e cogni zing s o il s  o f  d i f f er ent co lors revealed that a r ed f i ltered 
color f i lm proved b es t  fo r so ils  o f  lo w chroma and a b lue f i l t er worked 
bes t  for s o i l s  o f  high chroma . ( 2 8 )  Mo s t  res ear che rs agree that the 
red por t ion o f  the vis ib le s p e c tr tnn provides the b e s t r e s ul t s  wh en 
s tudying s o il co lor . ( 4 9 ) 
Be caus e s o i l  color i s  mo is t ur e depend en t ,  e s p e c i al ly with res p ec t  
t o  co lor value , i t  i s  b e s t t o  des crib e bo th dry and mo i s t s o i l  color . 
(10) B e t ween dry and mo is t ,  so il colors co nunonly a r e  darker b y  � to 3 
s tep s  in valu e  and may change f rom -� to +2 s teps in chroma . S eldom 
ar e they dif ferent in hue . ( 65 )  So ils are b es t  dif f erentiated o n  the 
b a s i s  of s o i l  colo r  alone when the soil  is unifo rmly dry . ( 72 , 4 9 )  
I f  s o i l mo i s ture influen ces s o i l  co lo r , then to  wha t  de gre e  do es 
it inf luence the magni tude of reflec tan ce by a s o il ?  A trend of de­
creas ed r e f l e c t ance has b e en es t ab lished with inc re as es in s o il mo is ­
t ure . ( 8 , 4 9 , 54 , 5 5 , 6 1 , 6 7 , 79 )  The ob s erved darkening o f  a we t s o il i s  
d u e  to the op tical e f fe c ts o f  a thin liquid layer on t h e  s u r f  a c e  o f  
s o i l  aggr ega tes  and s eparates . ( 3 6 )  Overall s o il r e f le ct ance i s  a t  a 
minimtllil when s o il s  are a t  2 B ars o f  tens i on ( 1 6-18%  moi s t ur e  by weigh t ) . 
Maximum r e f l e c tance o ccurs when a soil  i s  s ligh t ly b e low f ie ld cap aci­
ty , 1 / 3  Bar o f  t en s ion . ( 5 4) Three ab sorp tion b ands at approximately 
1 , 400 um , 1 , 9 00 um , and 2 , 2 00 um are due to the ab s o rp t ion o f  l igh t '  b y  
wa ter . They r ep r esen t over tones on the f und amen t al f requen cies a t  
which wa ter mo le c ule s v ib r a te . ( 8 , 3 6 )  
Or ganic ma t ter con t ent inf luences t h e  co lor  o f  a s o il . (9 ) As 
o r gani c  mat ter con t en t  o f  a s o il increas es , the value o f  a s o il 
• 
1 3  
decreas es . (10) O xidation o f  organi c  matter f rom a s o i l  r evealed tha t 
at  leas t 8.2 per cen t o f  the to t al direct  solar energy r e c e ived a t  the 
2ar th's sur f ace  would be ab sorb ed by o rgani c mat ter . (8, 4 9 ) 
Res ear chers are no t i n  comp lete  agreement on the b es t  t i me o f  the 
year for  co lle c t ing r eflec tance data for recogni tion o f  s o i l s . The 
s ummer and early fal l  were o p t imum times f o r  s t udying the s o ils  o f  the 
s tepp e  in US SR , where m any s o i ls ar e in one s tage or ano ther of s olodi­
zation . ( 6 4 )  Re f le c t an ce dif f er en ce s  were greater i n  J uly than S ep tem­
ber when a clay loam and s i l t  lo am wer e compared . ( 34 )  Due to  vegeta­
tion masking the so i l  l a ter in the ye ar , (22)  May was f o un d  to  be t he 
b es t t ime o f  the year f o r  s tudying s o ils in th e Lake Dako t a  P la in in 
South Dako t a . Many inve s tigators  s tate tha t  s o il d i f ferences can b e  
mos t  eas i ly r e co gnized dur ing p e rio d s  o f  maximwn expo s e d  s oi l . ( 1 5 , 5 5 , 
6 6 , 7 7 , 80) The ideal t ime s eems to d ep end on the p r op er t i e s  o f  the s o il 
under s tudy , the clima te and geography of  the s t udy ar e a ,  and the crop 
c alendar o f  the are a .  
S PECTRAL CHARACTERI S TICS OF P LANT LEAVES 
S ince r e f l e c tance  da ta were used in thi s  s t u dy ,  a c lo s er look a t  
a leaf r ef lec t ance pa t t er n  has b een t aken , Figur e  2.  It  c an be rough­
ly divided into thre e  areas . F ir s t i s  the vi s ib l e  waveleng t h  r e gion 
in whi ch p l an t p igmen t s , espe ci ally the chlorophylls , dominat e  the 
s p e ctr al  r es p o ns e  of p lant s . S e condly , the reg ion f rom app roximat e ly 
0.72 to  1 . 3  um whi ch i s  the are a  o f  maximtnn reflectan ce . (3 6 )  A small 
amo un t of ne ar inf ra r ed ligh t  is ref lected from the leaf  c ut i cle; mo s t  
i s  d i ffused  and s ca tt e r e d  through the leaf cut icle and ep i dermi s to the 
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Figure 2 .  THREE PRIMARY REGIONS OF RESPONSE IN RELATION TO LEAF REFLECTANCE 
(REMOTE SENS ING I N  ECOLOGY) 1969 ) 




spongy mes ophyll cel l s . Her e  the l igh t rays  ar e s cattered t hr o ugh 
mul t ip le ref lec ti ons caus ed by encounters with c e ll wal ls  and are cri ti-
cally reflected i f  the ang les of  incidence become s uf f i ci en tly l arge . 
( 2 4 )  Ref ra c tion of  the light o c curs b ecau s e  o f  refrac t ive index d i f �  
ferences b e tween a i r  p o cke t s , with a re frac tive index o f  1 . 0 ,  and 
hydr ated cel l ulo s e  walls , wi th  an index of 1 . 4 2 5 . ( 39 )  Th e magni tude 
� 
o f  reflectance is  determined by the to t al number o f  air-c ell-wall in ter -
fa ces among the s p ongy mesophyll and no t the vo lume o f  air s p aces . 
( 39 , 2 5 , 2 7) 
The th ir d region i s  that o f  water ab sorp tion , whi ch app ears a t  
1 . 45 um and 1 . 9 5 um .  ( 36 )  
Changes in s p e c tral re f lec tances o f  leaves during the growing s e a-
son are infl uenced by changes in p i gmen ta t ion , in mesophy l l  cel l  s tru c-
ture or arrangemen t ,  in leave turgo r ,  and alterations in the s ur fa ce 
coat o f  the leaf . ( 2 4 )  A g ener al trend o f  incre as ed inf r ared r e f l e c t-
ance up to tas s eling t ime o f  corn p lant s  i s  a s so c iated  wi th increas ed 
age .  Af ter tas s e l ing , and before  des s i ca t io n , matura t io n  had l i t t le 
inf luence on ne ar infrared ref le ctance , b e caus e leaf mesphophylls  remain 
compa c t . ( 2 6 , 2 4 , 2 7 , 69 )  The mo s t  s igni f i can t changes o c cur a t  t he b e-
g inning and end o f  the growing- s e as on . In the b eg i nning o f  the growing 
s eason , the r e f le c t an ce o f  r e d  ligh t  by yo ung leaves decreas ed as the 
chlorophyll con tent of the le aves increas ed . ( 2 9 , 69 )  Chang es in visi-
b l e  ligh t r e f l e c tan ce are the res ul t  o f  changes in p igmen t l evels  o f  
p lan t leaves . Dur ing leaf s en es cence , chlorophyll b r eakdown reveals 
th e presence o f  caro tenes and .xan thophylls . Thes e caro tino id p i gmen ts 
1 6  
wer e p res ent b e fo r e  the chlorophyll b reakdown , b u t  wer e p r evious ly 
masked by the chlorophylls . ( 3 6 )  Des s icat ion o f  corn leaves caus es an 
increas e in  r e f l e c t an ce over the ent ir e  spectrum . (36 )  The reduc tion 
in pho t o s ynthe t i c  a c t iv i t y  i s  respons ib le  for the incre as e  in  r e f lec­
t an ce of visib le l igh t . Incr eas e d  ai r  s p a ces among the s pongy meso­
phylls has resul ted i n  an increas ed numb er o f  interfa ces . (2 7 )  
In reali ty ,  i t  i s � the s p e ctral chara c ter i s t i c s  o f  a p lant  canopy 
and i ts s o i l  b ackgro und tha t are o f  concern to agr i c ul tural r emo t e  
s ens ing r a ther than tha t  o f  individual leaves . L e a f  s ta cking e xperi­
ments  tha t  were d e s i gned to s imulate  a crop canopy s howed that vis ib le 
waveleng th r e f lec t ance d id no t change wi th mul tiple s ta cking o f  leave s . 
However , in frared r e f l e c t an ce increas ed cons iderab ly wi th an increas e 
in numb ers o f  s tacked leaves . (50) This can be exp l ained b y  the hyp o ­
thes i s  t h a t  near inf rared l ight transm i t ted through t h e  t o p  leaves o f  
p lan t s  is p ar t ly r e f l e c te d  f rom and p ar tly transmi t te d  thro ugh lower 
leaves . Ref l e c te d  ligh t f rom lowe r leaves reinfo r ce the refle c t an ce 
o f  surface leaves . The ne t result  is  a muc h h ighe r inf rared r e fl e c­
tance f rom a field than wo uld b e  predic ted from r e f l e c t an ce curves f rom 
indivi dual leaves . ( 50) 
VARIATI ONS I N  PLANT CANOPY REFLECTANCE 
A f ew o f  the f a c tors  influen cing the mag ni tude o f  r e f le c t ance 
from a s ingle type of crop  canop y are:  the  amo un t of  e xpo s ed s o il 
background , s tage o f  matur i t y ,  crop g eome try , cul tural p r ac t i ces , and 
p l ant  dis eas es . (36 )  
A numerical app ro ach t o  de termine the amo unt o f  e xpo s ed s o il 
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ba ckgro und and canopy dens i t y  i s  leaf ar ea index (LAI ) me as uremen ts . 
Leaf area ind e x  is the r at io o f  leaf area to s o il area . The lower the 
LAI v alue i s , the mor e  s o i l  is exposed . (49 ) Infrar ed r e f l e c tance  fro m 
a heal thy crop in crea s e s as doe s  the LAI . ( 6 7 )  
Leaf area indexe s  a r e  inf l uenced by s u ch f actor s a s  p er cen t  ger­
mina t i on , p lanting d ate , p l an t diseas es , weed cove r ,  and s o i l  d i f ­
f erences .  
Uneven germinat ion may cause variations in the p e r cent g ro un d  
cover be tween field s  a s  well  as within a fiel d . 
I f  all  o ther f a c t o r s  are cons tan t , d if ferences in p l an ting dates 
will in fluence the s p e c tral proper t i es o f  a f ield , par t icul ar ly ear ly 
in the growing s ea s on . 
As so ciated  wi th p lan ting dates , early in the growing s eason d i f­
fer ences in row geometry and p lan t population will caus e app arent 
variations in the spe ct ra l  response among f ields of  the s ame crop . ( 35 )  
Increased  near inf r ared r e f lec tance , whi ch normally i s  related t o  
increased can opy dens i ty ,  can be mis interpr eted i f  the incr e as ed r eflec­
t ance is  due to weed g rowth and not increas ed crop c anopy dens i ty . ( j5 )  
Varie tal dif fer en ces wi thin a s i ngle crop s p ec i e  c an als o caus e 
varia tions in sp ec tral r e f l e c tanc e ,  p ar t i cularly a t  the t im e  o f  head­
ing and s enes cence . ( 35 )  
Cul tural p ra c tices s uch as harves t ing are respo ns ib l e  f o r  r e f le c­
tance var iations b etween p lan t canop ies . P er io di cal h arve s t ing o f  h ay 
crop s  caus es considerab l e  var iations in refle c t ance . ( 35 )  A compar is on 
s tudy o f  a cut and uncut alf alf a  f ield revealed that harve s t ing al fal f a  
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resulted in an increase in red l igh t ref lec tance and a d e c re as e in near 
inf rar ed reflec tance . (35) Dif ferences in crop r egrowth will a f fect  
refle c tan ce levels . The f ields wi th the mos t  regrowth will h ave the 
highes t near inf r ared r e f le c t an ce . 
P r i or to  comp le t e  canopy cover , s oi l  differences will caus e  re­
fle c t ance var ia t i ons . (35) Toxi ci ties caus ed by ex cess ive ly h i gh s o i l  
s al inity o r  bo ron concen tr a t ions will aff e c t  the grow th o f  a crop and 
i ts s p e ctral response . (13) · 
Leaf area index meas uremen ts  ar e af f e c ted by s o i l  mo i s t ur e  con­
t en t . P lants  grown on s o i ls wi th low available wa ter hol ding c ap a c i ty , 
s andy s o i l s ;  are  s ubj e c t  t o  d ro ugh t condi tions . Wi th out  adeq ua te 
wa ter s upplies , p lan t g rowth i s  r e t arded and may r es ul t  i n  wil t ing o r  
dropp ing o f  p lant  l eaves , bo th o f  whi ch would e xp o s e so i l  be twe en the 
rows . (7 ) 
On the OLher ext reme, s o ils tha t  receive exc es s ive r ainf all o r  
have s low p erme abi li ty may e xper ienc e ponded conditi ons . Th is  may re­
s ul t  in delayed p lant ing of crop s ,  whi ch wo uld caus e m a t ur i ty dif f er ­
ences among vege t a t ion grown o n  th is s o il comp ar ed t o  the s ame crop 
grown o n  wel l dr ained s o i l s . 
Fer ti li ty dif f er en ces among so i ls , i f  no t cor r ec t ed ,  may r es ul t  in 
reflec t ance var i a tions w i th a s ingle cover typ e.  Nut r i en t  def i cien cies 
can a f fe c t  canopy r e f l e c t an ce in  two ways : ei ther by r educed crop 
vigo r o r  al tera t i on o f  the r efle c t ance o f  individual leaves . (50) 
Corn grown on s o i ls wi th low or gani c mat ter con ten t had h i gher vi s ible 
r ef l e ctance and lower infrared re f le c t ance , ear ly in the growing 
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s eason . ( 49 )  Ref lect ance o f  n i t ro gen-deficien t  swe e t  p epp e r  leaves was 
increas ed in the range o f  0 . 3 8 tllll to 1. 3 um and was d ecr e as ed in the 
infrared region . Low chlorophyll con ten t o f  def ici en t  l eaves is respon-
s ib le for decreas ed r e f l e c t ance o f  vis ible l igh t . Higher mo is tur e  con -
t ent o f  def ici en t  leaves i s  r esponsib le fo r d ecre as ed ref l ec tance o f  
longer waveleng th ligh t . ( 5 0 )  Ano ther s tudy found tha t p o t as s i �m de-
� 
f iciencies affected the r e flectances o f  s everal cro ps ,  b u t  that phos -
pho rus def i ci en cies had l i t t le ef f e c t . (35 ) 
CONCEPTS OF I MAGE ANALYS I S  
I t  i s  the indirect nature o f  remo tely s ens ed data tha t make s i t  s o  
d i f f icul t t o  in terpre t .  S ince i t  �s o nly levels o f  r e f lect ed ligh t  tha t 
are reco rded , a ll the in t er acti ons tha t can inf luence the s p e ctral 
pro per ties of  the ear th ' s  s ur f ace mus t be consider e d . Thi s  p rob lem is  
no t new and s ome o f  the  concep t s  in us e today are r e f ined vers ions of  
well-es t ab l ished p rincip les . Pho to interp re ta tion is the o ldes t ,  mo s t  
widely us ed  me thod o f  image analy s is . I t  can b e  def ined as the act of  
examining pho to g raph ic images for  the  p urpo s e  of  iden tify ing objects 
and judg ing thei r s igni f icance . ( 2 )  Pho tographi c tone ( gr ay s cale on 
b lack and whi t e  p r ints  and hue o n  color p rin t s ) and p a t t er n  are the 
majo r f acto rs us ed in the in terp re tation proces s .  The s ame p rocedur e  
can b e  u s e d  o n  b o th aer ial and s p ace imag ery . ( 2 )  
A s econd me tho d i s  d ig i tal  analys is . The d i g i ta l  forma t  may b e· 
accomp l ishe d e i ther b y  r e co r ding on magnet ic t ap e  the e l ectrical o ut-
p u t  from a mul t isp ectr al s canner,  as  are the cas e  of  LANDSAT compu t er 
compatib l e t ap e  d at a ,  o r  the reductio n o f  an image to a nume r i cal f o rma t 
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thr ough meas uremen t  of  ei ther · f ilm dens i ty of f i lm transmi t tanc e . The 
digi tal format ·enab les  the us e o f  the computer for analy s i s  o f  l arge 
quan t i t ies of data . 
Ca tego r i cal re cogni tion involves two fa ctor s . Firs t ,  the deter­
mination o f  whi ch meas urab le f e atur es will b e  us ed as the s igna ture of  
ea ch ca tegory tha t  is  to b e  r e cogni zed . S ec ondly , the d e c i s ion-making 
pro ces s tha t  will b e  u s e d  t o  clas s i fy the ca tegor ies cho s en .  
A tr aining s e t  i s  use d  to typ ify the digi tal d a t a  f r om each s elec t ­
e d  f e ature . From the training d a t a ,  a s p e ctral pro f i le f o r  each clas s i­
f i cation ca tego ry i s  devel oped . This p rof ile is  then us e d  for compari ­
son purpo s es wh en unknown tes t data are clas s i fied . 
S everal decis ion-making pro ce dures have b een develop ed . S everal 
will be dis c us s ed b riefly to demons t rate the more popu la r  procedure s . 
Minimum dis t ance f rom the me ans (MDM) o f  the various clas s if i ca­
tion c at ego ries  has b e en us ed by  many inves tiga tors . An unknown poin t  
is  clas s i f i ed into the catego ry whos e  mean is  clo s es t .  ( 4 2 )  
Ano the r pro ce dur e us ed is  to  determine the dis t ance  f rom an un­
known p o in t  to the nea re s t data  point  o f  each tra ining s e t .  The un­
known p o in t  is c l as s i f i e d  in to the cla s s  containing the memb er neares t 
the unknown p o in t . This p ro cedure has serious drawb acks i f  the train­
ing s e t  includes a ca tego ry with a wide r ange of values . This w ill 
caus e  conf us ion among the clas s·i f ic a t ion categories . 
Many s ta t is ti cal me thods o f clas s if i ca t ion have b e en deve lo pe d . 
One o f  the commonly us ed p ro c ed ures involves a maximum l i keliho o d  
r a tio (MLR) . Us ing this r a t io , the prob abili ty o f  a n  unknown p o in t  
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fall ing into each cla s s i f i ca t ion catego ry is det e rmined . The po int is 
then clas s i f ied into the ca tegory w i th the h i ghe s t p rob abil i ty . ( 4 3) 
Comp ar isons b e tween minimum d is tance to  the mean (MDM) and maximum 
l ikelihoo d r a t io (MLR) pro cedure s  were made by Leamer f o r  the recogni­
t ion o f  s o il and cro p  p a t terns . When thr ee o r  mo re f eatur es were us e d  
a s  clas s i f i ca ti on inpu t ,  t h e  MD M  metho d p rove d s up er i o r  6 4  p er cent o f  
the t ime . When o n e  o r  two f eat ures were used a s  inp u t ,  the MLR me tho d 
gave b e t ter r e s u l t s  6 8  p er cent o f  the t ime . Cons i der ing the r e sul t s  
f rom a l l  clas s i f i ca tion t r ia ls , the MLR metho d s howe d  a s l ight  a dvantage 
in b ein g  more a c cura t e . Us ing b o th-pro cedures , t h e  ac curacy o f  clas s i ­
fica tion w a s  gre a te r  when thr ee o r  mor e  f eatures wer e us e d  compared t o  
tha t a chieved when only o n e  o r  two f e a t ures w e r e  cons i dered . (4 3 )  
VEGETATION RECOGNITION 
Au toma t i c  c las s i fi ca tion o f  veg etat ion h as been th e obj e ct ive o f 
s everal inves tigat i on s  u s in g  LANDSAT data . Iden t i f i ca t ion o f  any c a t e­
gory i s  dep en den t upon the d e t e ction o f  the un iq ue s p e c t r al s igna tur e  
of  t he ca tegory . Gene r al ly,  accuracy is  highes t wher e g r e a t e r  numb er s  
o f  features  a r e  cons idere d . (18 , 32 , 4 3) 
No · s ingle  da t e  during the g rowing s e as on i s  op t imum f o r  re co gn i t ion 
o f  all maj or crops . ( 30 )  The p e rio d. where us ing data  f rom a s ing l e  d a te 
when ea ch catego ry has the leas t within-group var i ation and maximum 
d i ff er ence  among the categories exis ts should p rovid e the bes t  r e co gni­
tion o f  all catego r ie s . ( 2 0 , 30 , 31)  
The s ele c ti on of  training data is a cr i ti cal s tep in the automa t i c  
c l as s i fi c a tion p ro ce s s s ince unique .s p e c t ral s igna tur e s  f o r  ea ch 
ca tego ry mus t b e  de t e rmined from thes e d a t a . I t  is  thes e s igna tures 
that b ecome the b as is for the clas s i f ica t ion o f  all unknown d a t a . 
S tratif ica tion o f  the tes t area in to homogeneous ar ea s wi th s imilar 
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crop s and f i eld p a t te rns s eems t o  b e  a logical approach .  ( 2 0 )  The num-
ber o f  training s i te s  per catego ry d epends on the v ar i ab i li ty o f  the 
category . The t raining f i elds of a s ingle cl as s i f i ca t io n  cat ego ry 
.. 
should b e  in the s ame propo r t ion as that p ar t icular cat e go ry o ccurs in 
each s tr a t i f ie d  uni t . ( 5 8 )  The training d a t a  sho uld also b e  compre-
hens ive eno ugh t o  include the r ang e in sp ectral var i a t io n  that  exi s t s  
wi thin a ca t ego ry and s t ill repres ent  the typ i cal s p e ct ra l  p ro f ile  o f  
each catego ry . ( 10 , 2 0 )  
Crop phenol ogy char t s  f o r  each crop grown in a n  area wi t h  docu-
men ted des cr ip t ions of crop  condi t io n  and maturi ty to co inci de wi th 
ea ch LANDSAT overp as s i s  h elp f ul in s elect ing op t imum da t es for  vege-
t a t ion reco gnit ion . ( 31, 5 8 , 7 0 )  
Clas s i f ica t i on i s  extremely d i f f i cult fo r veg e t at ion whi ch do e s  
no t h ave a uniform cano py, such as gr ain s tubb le . ( 6 3 )  
Due t o  the reso lution o f  s a t elli te data, many inves t ig at o r s  have 
r epor _t e d  that the accuracy o f  veg e t a t ion clas s i fica t io n  decreased a s  
tes t �ield s  b e came smaller o r  were irregular shape d . The clas s i f icat io n  
proces s i s  b ias ed low b e caus e o f  b oundary elemen t s  and confus ion fr om 
neighboring fields . ( 2 1,  38 , 7 7) 
As a f o r er unner o f  LANDSAT ,  Apo llo 9 co llected  mul ti -s p e ct r al d a t a  
o f  the Imp erial Valley in Califo rnia . Compu ter-p er fo rme d  veg e t at ion 
clas s if icat ion p r o ce dur es by Anuta correctly recogni zed  75  p e r cent o f  
the b ar l ey f iel ds , 5 9  p er cent o f  the sug a r  b eets , and 8 2  p er cent o f  
the f allow f ields i n  the t e s t ar ea . ( 1 )  
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Inves tig a tors  from the S tatis tical Rep o r t ing S ervi c e  ( S RS )  o f  the 
USDA r epo r t  tha t  res ul ts of co mputer clas s if ica tion on  a r eg ional 
bas is (10 , 00 0 s quare mil e s ) were poorer than tho s e  ob t ained by inve s ti­
ga tors  working in s ma ll lo cal areas . The great var iat ion in s o ils , 
crop s , and wea ther c a�s e d  mor e  d i f feren ces  wi thin a veg e t at ive clas s 
than there were b e tween clas s es . Proper training s ite s elec t io n  was 
d i f f i cul t with s uch diverse  data . ( 7 7 )  
Co mputer cla s s i fic ation o f  whea t i n  a 21 , 00 0 k m  area o f  Kan s as 
res ulted in an acreage es t imate us ing Mar ch data that was wi thin 0 . 5 
per cen t o f  the S RS Augus t es t imat e .  (47 ) 
Clas s if i cation o f  the maj o r  crop s in C l ay County , So uth Dako ta 
via LANDSAT d a ta res ul te d  in acreage es tima tes  tha t were  i n  exc ellent 
agreement with f ig ur e s  pr ovid ed by  the SRS . S oybe ans wer e  i den t i f ie d  
with 9 0  p er cent accur acy . ( 32 , 3 7 )  
SOIL RECO GNITI ON 
The f irs t us e o f  aerial pho tographs fo r s o il s urveying o f  a whole 
co unty was  in Jenning s Co unty , Indiana , in 1 9 2 9 . S ince the middle 
19 30's , so il s urveyor s  in the Uni ted S tates  h ave b een u s i ng a er ial 
pho togr ap hs . Bes i des us ing p ho togr aphs as  a b as e  o n  which to p lo t  
f ield b o undar i es , t hey have provided t o  t he trained s oi l  s ci ent i s ts , 
clues to the kinds o f  s oi l  and to  t he lo cation ·o f  s o il b o undaries b o th 
b ef o re  the d uring f ield  mapp ing . ( 6 6 ) 
The d evelopment o f  new f ilm emuls ions and data analys i s  techniques 
has f o cused the a t ten t ion o f  s oi l  s cien tis t s  once again on  remo tely 
sens ed da t a . 
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Rela tionshi ps b e tween inf ra re d reflectan ce and s oi l  mapp ing uni t s  
were found to  exis t in t h e  S and H i l l s  region o f  Neb raska . When e xi s t ­
ing s o il b o undar ies wer e  s uperimposed onto color inf r ar e d  a er ial  pho to­
gr aphy, mo s t  mapp ing uni t s  co incided wi th tonal changes on th e p ho to­
graphy . ( 1 2 )  
Dens ity  s l i c ing t e chnique s  tha t  array f ilm dens i ti e s  a c co r ding t o  
their gray s cale  p o s i tion have a llowed compu ter r ecogn i t ion o f  t onal 
s ignat ures tha t p r evious ly had to b e  done by  manual p ho to interp r e t a­
tion . 
S epar a t ion o f  s o i l  s e ri es tha t ar e d i f feren t i a t e d  b y  s urf a ce 
prop er ties has b een done fairly a ccur ately by  inves tiga to rs in Indi ana , 
Tennes s e e , and P ennsy lvania us ing comp ut er recogn i t ion t e chniques on  
dig i ti z ed · aerial pho to graphy . (4 2 , 4 6 , 55 , 80)  
Color enhanced dens i ty s l i ced data has b een used in S o u th Dako ta 
to S eparat e  s o i l s  wi th l imi tations , s uch as ero s ion o r  cl aypans . The 
co lor encoded output p ro du ced a map tha t  was mor e  a c c ur a t e than the 
s o il  s urvey map o f  the area . ( 6 , 2 3 )  A s imilar pro ces s us ed in  Minnes o t a  
was s uc ce s s ful i n  s ep a r a t ing Cal ciaquo l ls from Hap l aq uo ll s . ( 5 2 )  
Comp uter clus tering te chniques to  f ind the natur al dat a  mo des o f  
so ils have no t b een s uc c e s s ful b ec aus e o f  the grad a tional o c currence 
of soils on the lands cap e . ( 1 4 )  
S p ec t roradiome t er d a t a  collec ted i n  the s ame wavel en g th are a  a s  
LANDSAT d a t a  a l lowed Mol li s o l s  t o  b e  d i s t inguished from Al f i s o l s . (13 )  
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S tud i es such as  the ones ci ted here have enco ur aged r e s e ar ch ers  
to inves tigate the  s ep arab il i ty o f  s o ils on LANDSAT d a t a . 
Vis ual interp r e t a tion o f  LANDSAT data o f  vario us s cal es has shown 
that s o i l  as s o ciations that di f fer in parent ma t er i al , top ogr aphy , 
drainage s ta t e , c l ima t e ,  vege t a t ion , and time o f  deve lopmen t c an b e  
visually s ep arated  a t  d if feren t  degrees o f  a c cur acy u s in g  s tandar d 
pho to  interpre t at ion p ro ce dure s . ( 33 , 44 , 5 6 , 74 , 75 , 79 )  
Compu ter clas s i fi cation o f  LANDSAT d ig i t al data for  s oi l  mapping 
p urpo s es has b een limi ted  d ue to  veg e tative cover that us ually masks 
-
the s o i l  s ur fa ce . Under native vege t a tion Aq uo lls and Ent is o ls have 
b een clas s if ied wi th go od ac cur a cy when they are cons idera b ly differen t  
from the typ i c  s o il o f  the ar e a . ( 5 , 54 )  I t  i s gene ral ly agreed that the 
identif i c a t ion o f  s oi l . asso c iation b o undar ies is  b e s t  done dur ing May 
and June be cause o f  the in f l uen ce that soil has on the veg e t at ive pat-
t ern o f  the land s cap e . (15 , 54 , 7 4 )  
INTERACTION OF S OILS AND VEGETATION 
The f a c t  that s o i l s  inf luen ce the growth and s pe c tral p rop er t ies 
o f  vege tation is wel l e s t ab lish ed ( 15 , 40 , 5 4 , 6 6 ) 
A s tudy to determine t o  wha t  exten t s o ils  influenc e  the s p e ctral 
na ture of  veg e ta t ion was made in South Dako t a  by Wes tin and Hor ton . 
Ra tios o f  Bands 5 and 7 f�r co rn , s oyb eans , o ats , and a l f al f a  g rown 
on s o i ls tha t had vari ous text ures and wer e lo cated in dif f er en t  l and-
s cap e p o s i tions were s u f f i cien t ly differ en t  t o  allow s o il s  t o  be s ep a -
r a ted from t h e  data o f  a s ingle cover type . Thus , s o ils , along wi th 
o ther fac tors., have a s trong in fluen ce o n  the spe c t r al s ignature o f  
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vegetatio n  a s  i t  is  r ecorded by LANDSAT . ( 5 1 )  
CONCLUS IONS 
Fro m  a review o f  the l iteratur e ,  s ever al con clus ions can b e  drawn . 
Soils  and veg e ta t i on ,  b ec ause o f  their dynami c nature , mus t b e  s tudied 
in the i r  natural environmen t . Lab o r a to ry exp erimen t s , when sup p or.t ed 
by f ield s tudy , p l ay a? impor tan t  r ole in the s ci en tif i c  e ff o r t  to 
b e t ter under s tand the int er a ct ion of ligh t  wi th so i l s  and vege t ation . 
S o i l  proper ties , s u ch as o rgani c mat ter , s o il mo is ture , t ex tur e ,  
s tr uc ture , miner alo gy , and color , interac t wi th one ano ther t o  yield  a 
spe c t ral  prof i le that i s  an amalgama tion of thei r  in f luen ces . 
The in terac tion of  l igh t wi th veget ation is d e tennined by the 
pheno lo g i cal proper t i es o f  the .p lan t . P igment con cen t r at i ons , cell 
s tructure , pho to syn the t i c  activ i ty , and c ell turgor inter ac t an d  de­
termine the s p e c t ral p roper ties o f  a plant . 
The interpre ter  o f  r emo te ly s ens ed data mus t no t only b e  familiar 
wi th the data colle c t i on sys tem but mus t have an un ders tanding o f  how 
l igh t in ter acts  with agr i cul tural s ur faces . In o r der to do this , 
do cumented ground tr uth that co in cid es with the d a te o f  data  c o l l e c t ion 
is ne ces s ary . 
Des p i te the var i a t ions whi ch can o ccur b e twee n s o i l  s ur faces and 
p lant cano p ies , vege t a t i on recogn i t io n  is pos s ib l e . 
The sp e c tral p ro f i l e  o f  a p lant canopy is inf l uenced by s o i l  
proper ties . B e t t er under s tanding o f  this in teract ion b etween s o i l s  and 
veg e ta t ion and their e f f e c t  on LANDSAT data wo uld b e  o f  value i n  
automa t i c  c l as s if i ca t ion p ro ce dures f o r  r egional agr i c ul tu ral  i nventories . 
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MATERIAL S  AND PROCEDURES 
LANDSAT 
A n e ar th reso ur ces  o rien t e d  s at el lite  known as  LANDSAT, p r ev ious ly 
called ERTS , was launched ·on July 2 3 ,  19 7 2 . I t  f o l lows a near p o lar , 
cir cul ar , s un synchron i zed o rb i t  at  an alti tud e  o f  9 00 km .  The o rb i t  
allows r ep e a ted cover�g e  o f  any p o in t  o n  the e ar th eve ry 1 8  d ays . Due 
to the r e cent laun ch ing o f  LANDSAT-2 , d at a  are co llected every nine 
days ·by one o f  the s a telli tes . 
Da ta f rom the mul t i s p e c tral s canner (MS S )  abo ar d  the s a te l l i t e  were 
used in the s t udy . MS S d a t a  are re corded in f o ur por t ions or  wavebands 
of the elec tromagne t i c  s p e ct rum, Tab l e  1 .  
Tab le 1 .  MS S Waveb ands . 
Band N umb er Wavel eng th Po r t ion o f  the S p e ct rum 
Band 4 0 . 5- 0 . 6 um Vis ib le g r ee n  
B and 5 0 . 6-0 . 7  um Vi s ib le r e d  
Band 6 0 . 7-0 . 8  um Near infra red 
· B and 7 0 .  8-1 . 1  um Near inf r ar e d  
Thre e  fo rmats o f MS S data were used i n  this s tudy : 9 " x 9 " 
trans p arencies,  7 0  mm chip s , and Comp uter Compatib le Tap e s  ( CCT ) . E ach 
image con tains d a ta f rom an area 3 . 4 3  million hec tares in s i z e . The 
CCTs contain digi tal s i gnals that rep res ent  i t s p o s i tion wi thin the 
gray s cale . Fo r Bands 4 ,  5 ,  and 6 ,  the gray s cale i s  divi ded i nto 1 2 8  
uni ts . Band 7 i s  divided into 6 4  uni ts . 
2 8  
Comp uter comp a t ib le tapes d ivide , each s cene into fo ur s tr ip s , each 
b eing 25  x 100 nau ti c al miles . 
S t udy Ar ea 
The inves tiga t io n  was conducted  on a 40 . 2  km by 3 . 2  km s tudy area 
tha t  transversed  e as t to wes t acro s s  nor thern B rookings  Coun ty ,  S o uth 
Dako ta , Fig ure  3 .  Th� s tudy are a  was s ele c t ed b ecaus e  it cro s s ed 
maj or s o il a s s o c i a tion b o un daries tha t are predominant on the p r air i e  
co teau o f  e as tern S o u th Dako ta . ( 7 3)  ! The climate o f  the reg ion can b e  des cribed a s  a sub -humi d ,  con-
tinental , micro th erma l climate wi th warm summers and co ld winter s . The 
average annual t emp er ature  o f  6 . 69 C is  in fluenced b y  a ir mas s e s  f rom 
no r thern r egions and f rom the Gulf o f  Mexi co . Ther e f o r e , s easonal and 
even dai ly flu c t ua tions o f  temperature ar e great . ( 73 )  The to tal 19 7 4  
p recip i ta t i on , 3 7 . 2  cm , i s  cons ider ab ly le s s  th an the average annual 
p r e cip i ta t ion o f  5 4 . 8  cm . ( 7 1)  
Co rn and oa ts  are the maj o r crop s of the ar ea al though whe a t , 
b arley , rye , flax , and a lf al f a are grown . The remainder o f  the land 
is used  fo r p as t ure  an d h ayland . 
P r ior to  cul t i v a t ion , the co unty was covered mainly b y  t al l  gras s -
e s  s uch a s  b ig b lues t em .  ( 73 )  
Plei s to cene depo s i ts o f  the coun ty ,  a s  correlat ed b y  Fl in t ,  are 
shown in Figure 4 .  All three dep o s i t s  are o f  Wis con s in Age . From 
oldes t to yo unges t ,  they are I owan , Ta zewell , and Cary . ( 7 3) 
The Iowan drif t is  a thin dep os i t  over a previo us ly d i s s e c t ed 
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whi ch end at  drain ag eway s . The s e  dra inageways form a dendr i t i c  p a t tern 
that drains in to the B i g  S ioux Riv er . P ar t  o f  the Iowan t il l  i s  man­
tled with a 2 to 4 f o o t  b lanke t of loes s , whi ch is der ived mainly from 
o utwash o f  the Big  S ioux Valley . The Iowan t i ll that is  no t man tled 
with loess i s  lo amy in textur e . ( 7 3 )  
The Tazewell d ri f t  she e t  is s imilar to  t h e  Iowan dri f t  i n  that i t  
is t hin and diff erentially covered by lo es s . The s ame s o il a s s o cia t ions 
o ccur on b o t h  t il l  sheets . ( 7 3) 
The Cary drif t shee t o cc up ies the wes tern por tion o f  the s tudy 
area . I t  is  typ i f ied  by many clo sed  dep re s s ions and much s tronger loc al 
relief than the e arlier dri f t  shee ts . Many o f  the s o il m ater ials are 
s il ty in nat ure,  but d ue to the heterogenei ty of  the material , surf a c e  
textures a r e  extremely var iable . ( 7 3 )  
Me lt  wa ter d is charged  from the Cary i c e  is b e l ieved to b e  t he 
so ur ce o f  the o u twash o f  Brookings Coun ty . P ar t of  the o u twa sh is  
mantled wi th lo ess  and  t he remainder is covered wi th al l uvium . The 
outwash - is p a r t  o f  the B i g  S i oux Rive r drainage sys t em ,  whi ch i s  an 
interlob a t e  r iver f o rmed by the mel ting of two large i c e  lob es o f  Cary 
Ag-e . ( 7 3) 
S o i l  as s o ciations ar e s oil  l ands capes tha t o c cur in rep e a t ing 
pa t terns . They may con tain l ike o r  unl ike so ils, b ut the as s o c i ation 
i ts elf  is  homo geneo us and d i f ferent f rom o ther s oil asso c ia t ions . ( 65 ) 
The lo es s -m an t led t ill s o i l s  o f  the Iowan and Tazewe l l  d r if ts are  
composed o f  the  Kran zb urg As s o ci ation . The Kr anzburg ,  B ro okin g s , . and 
Hidewo o d  s o il s er ies o ccur in a to pographi c s equence acro s s  this l an d­
s cape . The Kran zburg s o il s  are well drain e d ,  the B rookings mo dera t e ly 
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well drained , and the Hi dewood s omewhat poorly drained . (73) 
The soi ls developed directly in the loam glac ial t il l  o f  the two 
ear lier dr if ts are  the Vienna , L i smo r e , and Leo ta s eries . The Vienna 
soils ar e we l l  drained , the Lismore moderately well dr ained , and the 
Leo ta somewhat poorly drained . The Vienna soils o ccur on the up lands 
o f  the lands cap e wi th the o ther two in lower lying p o s i tions . (73) 
The Cary dri f t  shee t  o f  we s t ern B rookings County conta ins s o il s  
d eve lop ed i n  s i lty dr if t in a n  undulating lands c�p e  mad e  u p  o f  a s er ies 
o f roU:Ud-topped h i l ls and in tervening depre s s ions . S o ils of  the 
Po ins e t t  and Waubay s er ies are the major component s o f  thi s lands cap e . 
The P o ins e t t  s o ils o c cur on the we ll-d raine d ,  undul a ting p o s i t ions and 
the Waub ay s o ils in lowe r , mo der ately well drained p o s i tions . (73) 
The lands cap e ne ar the terminal mo raine o f  the Cary dr i f t  con­
s is ts o f  a s er i e s  o f  bar e  knob s that are inters p er s ed in g en tler  re­
lief and ar e usually s te ep s ided . B us e  and S ioux s o i l s  o c cur on the 
th in knob s and the d e eper P o ins e t t  s o i l s  o c cupy the ar e as o f  gen tler 
relief .  (73) 
The so ils on the terraces  o f  the B ig S ioux River a r e  unde r l ain by 
gravel . The Fo r dvi l le ,  Renshaw , and S i o ux soils  have an alluvium 
mantle of  vari e d  d ep th .  The Fo r dvi lle  b eing mo dera t e ly d e ep to g r avel _ 
and the r emaining two s h al lower to  grave l . ( 7  3 )  
The bo t toml an ds o f  the B ig S i oux River and i ts tr ib utar ies are 
near ly level an d con tain s o i ls tha t ar e intermi t ten t ly to cons t an tly 
we t .  Mos t  o f  the a lluvium i s  th ough t to b e  o f  glacial or i g in . The 
predominan t s o ils  o f  the area are Lamo ur e ,  So lomon , and Rauville  s er i es ·, 
whi ch have b een lis t e d  in the or der of in creas ing we tnes s . ( 7 3) 
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The growth p a t terns f o r  common grazing g ras s es and major agronomi c 
crops are given in Figures 5 and 6 ,  res p e c t ively . Thes e char t s  p �o -
vide an overview o f  wha t  phenolog i cal s tage the dif fer�nt type s  o f  veg e-
tation are in at any o ne da t e  during the growing seas o n .  From this in-
forma tion, the appro ximat e  da tes when maximtnn d i f ferences among var ious 
vegeta t ive categories o ccur can be d e termine d . They ar e als o help f ul 
in in terpre ting p r ev io�s ly co llec t ed data . Re la t ive level s  o f  inf r ar ed 
r eflec tance can b e  es t imate d from the ph enologic al growth cha r t s . 
Field da ta 
Two types of f i el d data w ere  col le cted dur ing the 19 7 4  g r owing 
s eason.  Dat a  we re  co lle c t ed on the dates tha t co incided with LANDSAT 
overpasses f rom May 2 5  to S ep tember  28, 1 9 7 4 , wi th the exc ep t ion o f  
S ep t emb er 1 0 . O n  thes e dates , r adiome tr i c  dat a  f rom a minimum o f  two 
f ields o f  each vege t a tive c la s s  were collected  f rom ea ch s�il a s s o cia-
tion. A mod e l  100 Exo t e ch radiometer eq uipped w i th 2 tr d i f us er s creens 
wa s us ed to co llect  rad iome t r i c  da ta in the s ame wave-bands as  i s  re-
corded b y  LANDSAT . Re f l e c tance data were  r e co r ded  from thr ee r andomly 
se le cted lo cations wi thin e ach tes t field . Mea surement s wer e t aken 
f rom approxima t ely o ne me ter above the veg e t ative s ur f a ce . B e fo r e  and 
af ter the co l l e c t i on of r e f le ctance data, incoming r adia tion was re-
co rded  in e ach of the LANDSAT wavebands by the use of ·  the s ame ins t ru-
ment . P er cen t  r e f l e c t anc e was cal cula ted for each LANDSAT waveb and in 
each f iel d by the f o llowing equa t ion : 
mean r ef lec ted  r ad i a t i on 
mean in coming radia t ion x 100 Perc en t Ref le c t ance 
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P LAN T 
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RE - EME R G E  
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P L ANT 
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H E AD 
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TAS S E L  D RY HARVE S T  
B LO S S OM D RY HARV E S T  
HARVE ST 
HARVE S T  
F LOWE R HARVE S T  
HARVE S T  P LANT 
HARVE S T  
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The mean r efl e ct ance was de termined b y  mul t ip ly ing e ach r ef l e c ted 
reading by i ts approxima t e  f a c tor and then cal culating a mean read ing . 
Th e s ame p ro cedure was u sed  to calculate the mean in coming radia t ion 
in each waveb and . 
Info rmat ion con cerning crop heigh t , condi tion , row geome try , and 
sky condi t ions was also r e co rded for  the te s t  f ield when r ad iome tr i c 
data were collec t e d . � 
In order t o  have an a ccur at e  b as i s  fo r lo cat ing training s i tes  
and a c cur acy determinat i on ,  a l l  f ield b ound ar ies we re lo ca t ed and 
acreages de termine d through de tailed f ie l d  s urveys o f  the fligh t l ine . 
Field b oundar ies were d r awn onto xero x cop ies o f  aerial pho t o graphs ob ­
t ained from the lo cal AS CS  o f f i ce . A preliminary survey was made in 
May and then up dated dur ing June . 
To as s ure  that an a c c urate acreag e  es t imate was availab le fo r the 
vegetative ca tego r i es , a s ta t i s ti cal samp le of the l and in B rookings 
County was t aken fo r inv entory purpos e s . The co unty wa s  s tr a t i fied 
on a quar ter s ec t ion b as is by soil asso cia t ion . Fiv e p e r cent  o f  e ach 
s o i l  a s s o c i at i on , with a minimum of eigh t s amp les , wer e  randomly s e �  
lec ted . The a cr eage o f  e ach type veget at ion was then de termined b y  
de tai led f ie l d  s urvey s f o r  s elected  samp les . Thes e data were extra­
po lated to determine c o unty ac reages . 
LANDSAT Pho tographi c  Data 
Nine-inch and 70-mm t rans parencies o f  the four waveb ands were ob ­
tained fo r LANDSAT data  co l l e c ted on Apr i l  19 and June 30 , 1 9 7 4 . En­
largemen ts were made of B an ds 5 and 7 at a s cale o f  1 : 5 00 , 000 . Co lor 
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compo s i t e o f  b o th dates were made b y  the u s e  o f  an In t ernat ional Imagery 
Sys t em (r2s) co lo r ad di t i ve viewer . Bands 4 ,  5 ,  and 7 we re us ed in 
making the co lor comp o s i tes of Ap ril 19 and Bands 5 and 7 fo r the 
June 30 image . 
Th e s tudy area on Bands 5 and 7 was enl ar ged to a s cale o f  1 :  
60 ) 000 fo r b oth dates . Th is imagery was mos ai cked and- ·mo.unt ed �n 
board equipped wi th regis trat ion p ins for mu l tip l e overlay i nves t i ga­
tions . Ov erlays o f  the f i el d  p a t ter ns and s o i� a sso cia tions were p r e· 
pared and us ed in the pho to in terp� e ta t ion pro ce s s . Tes t s i te s  for 
which f ield meas ur emen ts and r ad i om e ter d a ta. had b een co llec t e d  wer e 
l o ca ted on the imag ery and rela t ionsh ips among ground d a t a and pho to ­
gr aphi c to.ne s were inves t iga ted . 
Dig i tal LANDSAT Dat a 
Compu ter compa tib le t a p es (CCT) fo r Ap r i l  1 9  and June 30 , 1 9 7 4 , 
wer e obtained . The: inl t ial ob s t acle enco un t e r ed in th e u s e  o f  CCT ' s  
wa s de termining the lo cation o f  the d es ired s tud y a r e a  :i.n t er. m s  o f  
lines and co lumns o n  the tapes . A I.A.NDSAT print a t  a s c ale o f  
1 : 500 , 0 00 was ove r l ayed onto a map o f  the s ame s c a l e . The b oun d ary 
o f  the p r i n t  was lo cated and drawn o n  the map . By the us e o f  a 
paralle l rul e ,  i ines tha t  wer e paral le l to the fo ur corners o f  thf;! 
s tudy ar ea wer e extended ounvard t o  th e s i des of the p ri n t . Measure­
m e n t s  w e r e  made · to de termine th e d istan ce o f  the p ar all el lines t o  the 
cor ners o f  the s cene . The s e  dis tan c e s  were then conve r t ed to l ines 
and co lumns by mul t i p lying them by the n umb e r  o f lines or columns p er 
cen t im e ter . 
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The a ccuracy o f  thi s  me tho d i n  lo cating the s tudy a r ea on the 
April  19 imagery is  i l l us trated in Tab le  2 .  O f  the eigh t cor ne r s  lo ­
cated , no po in t was o f f mo re than 70  l ine s or 60  col umns . A s af e ty 
cushion o f  100 l ines and columns was ad ded to all meas urement s  made 
for the June 30 da t a . This al lowed the s tu dy area to  b e  tran s f erred 
from the LANDSAT C CT ' s  to  a f i le t ape  wi tho ut any p rob l ems . 
Digi ta l  data f ro m� the s t udy area , now s to red  on f i l e  t ap e ,  were 
as s igned an alphanumer i c  symbo l  a c co rding to the ir dig i tal value . This 
allowed each p i xel to be rep r esented by one symb ol . Thes e s ymb o ls 
were p r in ted o u t  on comp u t e r  p ap er , whi ch when mo s ai cked p ro vid ed a 
visual fo rma t o f  the dig i t al d a t a  for  the fl igh tline . The b ound ar ies  
of  the s tudy are a were de te rmine d to the exa c t  line an d co lumn . Th is 
info rmat ion was use d  to p e r fo rm a comp uter manipulat ion tha t  a llowed 
only thos e  data po in ts w i thin the s tudy to be p rin ted o ut . 
Over lays  o f  the f i el d  b oundar ies , vege tation ca tego r ie s , and so i l  
asso c i at i ons wer e p laced upon the s t udy are a printo u t . Th is allowe d 
detai led  analy s is o f  the s t udy area . 
Po ten ti al d i f feren t i a t ion amo ng ca tego rie s were e s t im ated b y  s el­
e cting preliminary t r a in ing s i t e s and  b y  the  us e o f  a "ma t rix" p ro gr am ,  
prin ted d ig i tal val ues o f  the f our waveb ands for all p ixels wi thin the 
tra ining areas wer e  ob taine d . From the s e  data , group me ans and within 
group var ia t i on wer e de t ermined f o r  evalua t ion o f  p re l iminary clas s i f i­
c ation ca tego r ie s . 
Af t er f inal i z ing . the t ra ining s i tes , comp uter clas s i f i c a t ion was 
p er formed upo n  the d a t a . Clas s i f i ca t ion was done by K- clas s and the 
NW Corner  
NE C o rn e r  
SW Co rner  
S E  Corner  
NW  Co rn e r  
NE Corner  
SW  Corner  
SE Corn er  
Tab l e  2 
Actual  
L ine  Co lumn 
--
1 3 3 8  7 5 3  
1 1 9 3 1 6 5 2 
1 8 7 0  9 4 1  
1 6 6 9  1 8 3 8  
ACCURACY O F  SCENE MEASU REMEN T S  
FOR LOCAT ING A COUNTY ON A C CT 
Broo king s County , South Dako t a  
Ap r i l  1 9 , 1 9 7 4 
Lo cat ion  o f  Bro oking s  C ounty 
Me asur ed Accuracy 
( ac tu a l -measured )  
L in e  Co lumn L in e  Co lumn 
-- --
1 3 8 1  7 8 1 - 4 3 - 2 8 
1 2 4 7  1 7 1 2  - 5 4 - 6 0 
1 8 7 3  9 5 7  - 3  - 1 6 
1 7 3 9  1 8 8 8  - 7 0 - 5 0 
Lo c at i on o f  Broo k ing s County F l ight  L in e  
Actual  Me asured  Accur acy 
( actu a l - me asured )  
L ine  C o lumn L in e  Co lumn L ine  Co lumn 
-- -- --
1 4 9 0  8 6 9  1 5 2 5 8 8 6  - 3 5 - 1 7 
1 4 0 9  1 5 1 6  1 4 4 9  1 5 6 0  - 4 0 - 4 4 
1 5 2 8  8 9 4 1 5 6 4  9 0 6  - 3 6 - 1 2 
1 4 4 9  1 5 3 2  1 4 5 7  1 5 7 8  - 8  - 4 6 
% E r r o r  
L ine  Co lumn 
--
3 . 2 %  3 .  7 % 
4 . 5 % 3 . 6 %  
0 . 1 6 %  1 .  7 %  
4 . 1 % 2 .  7 % 
% Error  
L ine  Co l umn 
--
2 . 3 % 1 .  9 %  
2 . 8 % 2 . 9 % 
2 . 3 % 1 .  3 %  




B iomedi cal Dis cr iminat e Ana lys i s program .  K-C las s , a minimum d i s t ance 
to the me ans cla s s i f ie r ,  make s decis ions based on the means and var i ­
ances within the t es t  f ield data . (32 ) The BMD p rograra,  through a s t ep ­
wi se dis cr iminan t analys is p r o c e s s  ini t ia l ly arrays th e waveb ands in an 
order o f  decreas ing s igni f i cance and then p ro ceeds to clas s if y  the 
training p ixels us ing the d a t a  d erived through the cons i d er a t ion o f  the 
dif ferent band comb inations . 
Clas s i f i ca t ion r e s u l t s  were evalua t ed for the dif feren t ia t ion o f  
the clas s i f i ca t ion categor i e s . I f  ac cep tab le acc uracies ha d b e en ob ­
tained us ing the training s i t es ,  the tr aining da ta were us e d  t o  c l as s i fy 
the en t ire  s tudy area us ing tho s e  featur es tha t ha d given the b es t  
clas s if i ca tion res ul ts . 
Clas s if i ca t ion a c cura cy was de termined by comp ar ing f ie ld survey 
r esults to spec i fi c  lo c a t ions and to the cl as s i fi ca t ion h i s to g r am .  
The s ame clas s if i ca t ion p ro grams were used to c las s i fy the d i f ­
ferent s o i l  as s o c iat ions within a s ingle vege tative cat egory . S eve ral 
fields o f  one type o f  vege t a tion were s e lec ted and used to  d evelop 
tr aining data for the s o i l  as s o c i a t ions r epresented wi thin the data . 
These  tr aining data were the b as is f o r  clas s ify ing the tra ining s i tes , 
which provided an ind i ca tion o f  the d i f f er en t iation o f  s o i l s  w i thin a 
cer t ain type o f  veg e t a t ion . 
Gro und-bas ed  radiome t r i c  data col l e c ted from tes t fiel ds d uring 
the growing s eason were  analy zed by the BMD p rogram t o  d e t e rmine the 
adap tab i l i ty o f  the da t a  fo r  vegeta t ion recogni tion . S in ce dat a  had 
been co llec ted a t  s evera l t imes during the growing s eas o n ,  a t emp o ral 
inves tiga tion o f  clas s i f i ca tion a c curacy was made . 
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RESULTS AND D I S CUS SION 
S ince two typ es o f  da t a  wer e  u s ed , Exo tech rad iome t e r i c  and LAND-
SAT , they will be d i s c us s e d  sepa rately . Analysis  o f  the Exo t e ch d a t a  
will be pr esented f i rs t fol lowed b y  a dis cu s s ion o f  the resul t s  ob t a ined 
from LANDSAT da t a . 
The data on which exo t e ch r a diome t e r  data were col le c te d  and ana-
ly zed in this s tudy are l i s ted in Tab le 3 .  These  dates , with the ex-
cep t ion of June 14 , 1 9 7 4 ,  coinc ide w i th LANDSAT-1 overpasses  o f  the s tudy 
area . June 1 4 ,  1 9 74 data we re co lle c ted to  co incide wi th an air cra f t  
overpass by the Remo te S ens ing Ins t i t ute . The resu l t s  wi l l  b e  dis cuss ed 
separ ately by dates an d lat e r  j oint ly for a tempo ral ana lys is . 
May 2 5 ,  1 9 7 4 
Tab le 3 .  Da tes of  Exo te ch Data 
Da tes Dates 
May 2 5 , 19 74 
June 1 2 , 19 74 
June 1 4 ,  1 9 74 
June 3 0 ,  19 74 
July 19 , 19 74 
Aug us t 5, 19 74 
Augus t 2 3 ,  1 9 74 
Sep tember 2 8 , 19 74 
The f ir s t  LAND S AT-1 ove rp a s s  o f  the s tudy area on wh i ch exo t e ch 
data wer e co lle c t ed was May 2 5 ,  1 9 7 4 . Bas ed on ground t ru th me asur e-
men ta at that t ime , a de c i s i on was mad e  to id ent i fy fo ur c las s e s  o f  
vegetation cons is t in g o f  a lfalfa , gras s , sma l l  g rains , and b are so i l . 
The bare soil  cate go ry con s is ted o f  f ie ld s  t hat had b e en p repared for 
plant ing o r  had already been p lant ed to corn and soybeans b u t  wi th crop s 
no t yet emerged . 
Figures 7 through 1 0  show the range o f  re fle ctance value s  and gro up 
means fo r each o f  the ca tegor ies in the s imulated LANDSAT-1 waveb ands . 
F igu r e  7 
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EXOTECH RAD I OMETER DATA 
MAY 2 5 )  1974 
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EXOTECH RAD I OMETER DATA 
MAY 2 5 )  1974 
BAND 7 ( 0 . 8-1 . l  UM) 
* 
I * (10 ) ( 6 ) 
BARE  SO I L  SMALL G RA I N  G RASS 
* = G ROUP  MEAN 
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Dat a were co l le c ted f o r  t e n  b are  s o i l  f ie l ds , ten small grain fields , 
s ix alfalf a , and s ix gras s f ield s . This inf o rma t i on is ind i ca ted by 
the number if p aren the s is on the figures . 
The group means f o r Band 4 ,  g reen ligh t ,  are shown on Figure 7 .  
There i s  very l i t t l e  s ep ara t ion be tween the d if ferent g ro up s . The b are  
so il group mean is lower than th at o f  the  vege tat ive catego r i e s . The 
la ck of p lant  growth is res pons ib le for the low reflec tan ce o f green 
light by  the bare s o i l  f ie l ds . Those b are  s o il fields tha t  had cons id­
erable weed grow th ha d a higher Band 4 r e f l e ctance than d id the weed-f ree 
fields . This has caus ed a large range in re fle c t ance values  f o r  this 
group . The ref lec t ion o f  green li gh t  by p lan t leaf pigment s  is  respons i­
ble for the large amoun t o f  ove rlap among the three vege ta t ive categories . 
Fig ure  8 shows for the Band 5 data  the re are no d i f fe rences  among 
t he cla s s i f i cat ion catego r �es on this date . 
Figures 9 and 10 o f  B ands 6 an d 7 ,  b o th from the near inf r a red 
reg i on of  the e le c t romagne t i c  s p e c t rum , demons tra te de f inite  separat i on 
among the c l as s i f i ca t ion g roups . S ince in frared l igh t is re fle c ted b y  
. the spongy mesophy ll o f  p l ant  le ave s , one would exp e c t  the tr end o f  in­
c�e as ing p lant leaf b i omass b e ing ass o c iated wi th in crease d  re f le ctance 
o f  infrared ligh t . This t r end i s  fo�nd among the da t a . 
Figur e 11  shows that  the average bare so il field had a weed grow th 
two cen t ime t er s in heigh t , whi ch along wi th the so il b ackgro und y iel ded 
an average infrare d r e f l e c t an ce of 8 per cen t . The small  grain f i elds 
averag ed 13  cm in he igh t . The so i l  backgro und plus the vege t at ive c anopy 
yiel ded an ave rage r e f le c t an ce o f  1 8  per cent . Gras s fie lds averaged 19  
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talles t average g row th , 3 8  cm , reflec ted o n  the ave rage 3 7  p e r cent o f  
the incoming in frared ligh t b e tween 0 . 8  - 1 . 1 um in wavel eng th . 
Thes e  data  p o int to th e f a c t  th at the reflec tance o f  inf rared l ight 
by vege ta tion increase s  as the he igh t  o f  the vegetat ion increas e s . Crop 
dens i ty is als o  related  to  infr ared reflectance . P lant he ight was us ed  
in  the  analys is b e caus e it  wa s mor e  eas ily dete rmined in the f i e ld than 
crop dens i ty measuremen t s . 
The wide var ia t ion in ref lec t an ce of  th e b are s o il f ields  i s  p a r­
ti ally exp l ained by Figur e 1 2 . Two b are  fields , b o th o c cu rring wi thin 
the Lamo ure s o i l  as s o c i at i on , we r e  used in the example . The f ield  wi th 
a c lean sur f a ce had re cen t ly been wo rked wi th a s e condary t il lage imp le ­
ment . This ope ra t ion l e f t the f i e ld sur face free of crop r e s i d ue s  and 
weeds , thus the r e f le c t ance  p a t tern ob tained i s  that o f  a L amo u re s o i l . 
In con tras t ,  the weedy f ie ld had an uniform canopy o f  weed s , mo s t ly 
foxtai l ,  s tanding 4- 6 cm tall . The rad iome ter data colle c t e d  from this 
field wo uld be a me as urement o f  b o th th e so il b a ckg round and the weed 
growth . The reflec tance p a t tern of  the weedy f ield  is  very s imilar to  
th at o f  the small grain f i elds . I t  differs from tha t o f  the clean f ie ld 
in that for a l l  b ands i t  h as higher val ues . The drop in refle ct ance o f  
Band 5 comp are d t o  the o ther b ands i s  ·due t o  the ab sorpt ion o f  r ed l igP-t 
during the pho tosyn the t i c  pro ce s s . Thi s phenomenon did not  o cc u r  wi thin 
the d ata of the c lean f i e ld be cause there was no ve get a t ion p resen t .  
How re cen t ly a b a r e  f ie ld had b een ti lled also influen ced i t s  r e ­
fle c tance p a t tern . This is d emons tr ated in  Figure 1 3  wher e two f reshly 
tilled b ar e f ie lds , one f ro m  the Poins e t t-Waubay as so ciat i on and one from 
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LANDSAT WAVEBANDS 
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D ry & C r u s t e d 
S u r f a c e , Pw 4 
I 
I 
5 0  
51 
the Poins e t t -Bus e as so c ia t ion ,  are compare d wi th two b are f i e l ds o f  th e 
s ame s o i l  as s o c ia tions b ut le s s  r ecen t ly t i lled . In bo th cas e s , the 
ref lectance val ue s  of all b ands were lower for the freshly tilled  f i e ld s  
than they were f o r  the f ie lds  wi th d r ied an d crus ted sur faces . Th i s  was 
mo s t  pronounced in B and 7 ,  wh ere the values o f  the f ields wi th d ry and 
c rus ted sur fa ces wer e twice as  high as tho s e  f ie l ds tha t had b een fresh�. 
ly worked with s e condary ti llage implemen ts . 
The d ata were then analy zed by the Biomed i cal  Discrimina te An aly s is 
(BMD) program . Thi s computer p ackage f irs t uses  the data as  training 
sets and arrays the b and comb inat ions in de creas ing s igni f i cance s fo r 
clas sif ication o f  the training s e t s . 
The order o f  s igni f i can ce an d class i f i ca tion a cc ur acy achieved by  
the us e o f  e ac h  b and comb in at ion in  ad di tion to all o ther p r eviou s ly 
entered band comb inations is  shown in Tab le 4 .  The r a t io o f  B and 6 
divided by Band 4 ,  ( 6/ 4 ) , prove d to b e  the mos t  us e f ul in th e clas s if i ­
cation o f  the data . The u s e  o f  this r a t io allowed th e d a t a  t o  b e  clas s i­
fied correc tly 7 9 . 9  pe r cent o f  the t ime . 
The nex t b and comb ina tion to be  s e le cted was the aver age value o f  
Ban d  4 and 6 .  The use o f  this  va lue p lus the previous ly used r a t io 
yielded a clas s i fi ca tion accuracy o f  8 6' . 6 percent . All mis clas s i f ie d  
data poin ts were among the smal l gra in and gras s  dat a . 
Band 6 s eemed t o  b e  the mo s t  cr i t ic a l  band in the iden tif i catio n  o f  
thes e four vege tat ion categories . I t  was in cluded in one fo nn o r  ano ther 
in the three mos t  s igni f i can t  b and comb inations . The third  cowb ination 
enter ed was Band 6 a lone . This band p lus the o ther two band comb inat ions 
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T ab l e  4 
VEGETAT I ON C LASS I F I CAT I ON 
CORN , SMALL G RA I N ,  ALFALFA , AND G RASS 
EXOTECH DATA i 25 MAY 1974 
STEP · BAND PERCENT 
N UMBER COMB I NAT I ON OVERALL ACC U RACY 
1 6/4 79 . 9  
2 x 4 , 6 8 6 . 6  
3 6 93 . 3  
4 5/4 89 . 9  
5 6/5 93 . 3  
6 4 93 . 3  
7 7/6 93 . 3  
8 7/ 5 93 . 3  
9 x 5, 6 , 7 93 . 3  
10 7/4 89 . 9  
11 7 86 . 6  
12 ( 7  / 5 )/ ( 6/ 4 )  86 . 6  
13 5 89 . 9  
5 3  
previous ly us ed p rovided the mo s t  accurate clas s i f i ca t ion . The addit ion 
o f  f ur ther b and comb in ations e i ther reduce d  the ac cur acy o f  clas s i f ica­
t ion o r  had no po s i tive e f fe c t  upon i t . 
Table 5 shows how the da t a  were cla s s if ied . The da ta  are arr ange d 
in such a manner tha t  b o th the correct  clas s i f i cat i on and commiss io n e r ­
r o r s  a r e  disp l ayed . The cor re c t  c las s i f i ca t ion for each c a tegory is  
underlined and when all  cate gor ies are cons i dered , they f orm a d iagona l  
line . The corn and al fa lfa d at a  b o th were iden t if ie d  co rre c t ly 1 0 0  p er ­
cent o f  the t ime b u t  co nfus ion exi s ted be twe en the sma l l  grain and g r as s  
ca tegories . They wer e cor r e c t ly i den t i fied 9 0  per cen t and 8 3  per cent , 
respec tively . When a l l  categor ies were c ons idered , an overall accur acy 
o f  9 3  per cent was achieved . 
The graphi c display o f  the c la s s if i cat ion uni t s  are given on Fig ur e  
14 . The co rn and alfal fa da ta poin t s  are s p aced a cons iderab l e  d i s t ance 
from the otheL two c a tegor ie s . The cl o s e  group ing of sma l l  grain and 
gras s data  can b e  e xp l ained b y  a review o f  Figures 7 through 10 . All 
band s have overlap in ref l e c tance val ues be tween thes e two cate go r ies , 
while almo s t  comp l e te separ a t i on b e tween the co rn and al falfa da t a  o c curs . 
June 1 2 ,  19 74 
On June 1 2 , 19 74 , vege tat ion in all catego r ies  had incre as ed in 
he igh t .  Co rn fields , (p r evio us ly include d  in the b are so il  category ) ,  
had eme rged and could b e  recogn:L zed as corn . 
The re f l e c tan ce p a t terns o f  th e f our catego ries , ( c o rn ,  small  g rain , 
gras s , and al falfa ) , in e a ch o f  the four LANDSAT waveb ands are shown in 
T a b l e  5 
CORN ( 10 )  
SMALL GRA I N ( 10 ) 
ALFALFA ( 4 )  
G RASS ( 6) 
CLASS I F I CAT I ON ACCU RACY * 
EXOTECH DATA ; 25  MAY 1974 
PERCEr·n c LASS  I F  I ED 
CORN SMALL G RA I N  A LFALFA G RASS 
100 . 0  0 . 0  o . o  0 . 0 
. 
0 . 0 90 . 0  0 . 0  10 . 0  
0 . 0 0 . 0  100 . 0  0 . 0  
o . o 1 6 . 7  0 . 0  83 . 3  
OVERA LL ACCU RACY = 93 . 3% 
* CLASS I F I ED BY 6/4 ;  X4 � 6 ; & 6 VALUES 
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Fig ures 15 through 18 . Mo s t  changes  in ref le c t an ce v al ue s  f rom May 2 5  
levels can b e  a t t r ib u te d  t o  inc rease s  in p lant s i ze and vege t a t ive b io -
mas s . 
The r e f le c t an ce o f  green l ight , Band 4 ,  by co rn f ie lds on June 1 2 , 
Fig ure 15 , has increas ed from i t s  May 25 group mean o f 3 . 6 4  per cent t o 
an average r ead ing o f  5 . 35 per cent . This p la ces  the re flec t an ce o f  Band 
4 by corn at approximat e ly the s ame l eve l as the other categorie s . 
Gra s s  data , when comp ared to small grain an d alf al fa f ie l ds , on ce again 
has s l igh tly lower re flec tance value s  in Band 4 .  The group me an for  
gras s is 3 . 6  p er cent wh i le smal l grain and  al fal f a  h av e  mean va lues o f  
4 . 6  p er cen t and 4 . 0 per cen � respectively . 
A comp arison o f  F ig ure 8 and Fig ure 16 f rom May 2 5  and June 1 2  
shows a s i zeab l e  d e crease in ref lec t ance o f  Band 5 ,  r ed l igh t , f o r  the 
small grain data . Sma l l  grain on May 25  re fle c ted 4 . 3 1 p e r ce n t  o f  the 
incoming l igh t b e tween 0 . 6-0 . 7  urn . ,  whi le on June 1 2  the s ame smal l  
gr ain f ie lds r e f lec t ed only 3 . 70 per cent o f  the incoming l ight i n  thi s  
por t ion o f  the e l e c tromagne t i c  spe ctrum . This increas e i n  ab s o rp t ion 
of red ligh t is due to in creas ed pho t osynthet ic a c t iv i ty by  the plan t s  
comp ared to  t h e  a c t iv i ty on  the pr evious da te . 
The r e f le ct an ce p a t tern o f  Band 7 ,  Fig ure 1 8 , shows an increas e  iµ 
r e f l e ct an ce fo r a l l  ca t egorie s . Tab le 6 comp ares the May 25 group means 
to the J une 12 group mean s . The number of s amples in e a ch category is 
lis ted in paren thes is  a f ter the r e f le c t anc e values . The t rend of in­
cre as ing infrared r e f le ct an ee b e ing a s s o ciated w i th in cre ase d  p l an t  
height , Fig ure 11 , h as r epeated i t s e l f  on June 12 . T h i s  t rend exp lains 
Tab l e  6 5 7  
C OMPAR I S ON O F  BAND 7 G RO U P MEAN S !CATE G O RY MAY 2 5  JUNE 1 2  
C O RN 8 . 4 % ( 1 0 ) 1 0 . 3 % ( 1 5 ) 
SMA L L  G RA I N  1 8 . 4 % ( 1 0 ) 3 4 . 5 % ( 1 3 ) 
�-
G RA S S  3 7 . 4 % ( 5 )  4 0 . 4 % ( 8 ) 
A L FALFA 2 5 . 6 % ( 6 ) 2 7 . 5 %  ( 6 ) 
F igure 1 5  
EXOTEC H  RAD I OMETER DATA 
J U NE 12 1 1974 
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the in creased r e f lec t ance of  inf r ared light . 
Figure 1 7  o f  the re flec tance d i s tr ib ut ion for Band 6 i s  s im i lar to 
the refle c t an ce p at te rn of Band 7 .  The exp lana t ion g iven for B and 7 
values also per t ains to B and 6 reading s . 
The ini tial F value s  cal cu la ted by the BMD p r og r am  du r ing the com­
puter analys i s  of the exo te ch data are shown on Tab le 7 .  As was the case  
on May 2 5 , the ra t io o f B and 6 divided by  Band 4 prove d t o  b e  the mo s t  
signi f i cant b and c omb ina t ion wi th a F va lue o f 1 5 . 60 5 8 . The imp o r t an ce 
o f  infrared da ta in the c la s s i fication o f  vege tat ion is  emphas i z e d  by  
the F v alues of  Bands 6 and 7 compared -to tho s e  o f  the o the r s in g le b ands . 
Band 7 has a F value o f  1 5 . 5 99 , wh i ch is 0 . 00 6 8  les s  than th at  o f  the 
ra tio o f  6 / 4 . Band 6 also  has a hi gh F value , 14 . 104 7 ,  b ut B ands 4 and 
5 have very low F values , 0 . 812 2 an d 1 . 6 39 3 ,  res p e ct ively . The mul t i­
spectr al advantage s o f  LAND SAT d ata is demons trated by the F value s o f  
Bands 4 and 6 a lone comp ared t o  the F value o f  the i r  r a t i o . 
Tab le 8 shows the o r de r  tha t b and comb ina tions we re ente red into the 
class i f ic at ion pro cedu re an d the accu ra cy leve l that they yie l d ed . The 
highes t  leve l o f  c l as s i f i cat i on ac curacy was ach ieved when the r a t io o f  
B and 7 divided b y  B and 6 ,  s tep number ten , was added t o  all  p revio us ly 
in cluded b and comb ina t i ons . 
Table  9 con t ains the ca tego r i cal ac cur acies ob t ained b y  the us e o f  
s teps 1 thro ugh 1 0  in clus ively . Small grain was the only ca tegory that 
was ident i f ied 100 per cen t  co r re ct ly . The corn fields tha t we re mis­
cl as sif ied as  8 . 3 per cen t  g r as s f ie lds wer e  corn field s that h ad no t b een 
cul tiva ted and had very poo r wee d control . The wee ds  p l u s  co rn yielded 
a ref le ct an ce p at tern that  di f fe red f rom the mean co rn p a t t e rn enough to 
1�· 
62  
T ab l e  7 
VEG ETAT I ON C LASS I F I CAT I ON 
I ,,...-· 
CORN , SMALL G RA I N , ALFALFA , AND G RASS 
EXOTECH DATA ; J U NE 12 , 1974 
BAND COMB I NAT I ON . F VALUE 
4 0 . 8122 
5 1 . 6393 
6 14 . 1047 
7 15 . 5990 
7/5 9 . 8890 
6/4 15 . 6058 
5/4 0 . 6244 
7/6 2 . 1443 
6/5 9 . 9466 
7/4 15 . 1639 
x 7 , 5 10 . 9814 
x 4 , 6 1 1 . 23 57 
' x 5 , 6 , 7  14 . 5611 
-
x 4 , 5 , 6 , 7 12 . 9377 
( 7/5 ) / ( 6/4 ) 0 . 1371 
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T ab l e  8 
VEG ETAT I ON C LASS I F I CAT I ON 
CO RN , SMALL G RA I N ,  A LFALFA , AND G RASS 
,,....� 
EXOT ECH DATA ; 12 J U NE  1 974 
STEP BAf�D P ERC ENT 
. 
NUMBER  COMB I NAT I ON OVERALL  ACCU RACY 
1 6/4 55 . 8  
2 7 64 . 7  
3 7/4 73 . 5  
4 x 5 , 6 , 7 73 . 5  
5 4 76 . 4  
6 x 4 , 6 76 . 4  
7 5/4 79 . 4  
8 ( 7/ 5 ) / ( 6/4 ) 79 . 4  
9 7/5 76 . 4  
10  7/ 6 79 . 4  
1 1  5 79 . 4  
-
1 2  x 7, 5 79 . 4  
T a b l e  9 
CLASS IF ICAT ION ACCURACY * 
EXOTECH DATA; 12 J U NE 1974 
PERCENT CLASS I F I ED 
CORN SMALL GRA IN A LFALFA GRASS 
CORN (12 ) 91 . 7  0 . 0 0 . 0  8 . 3 
SMALL GRA I N  ClO)  0 . 0 100 . 0  0 . 0 0 . 0  
. 
ALFALFA ( 6 )  0 . 0 33 . 3  50 . 0  16 . 7  
GRASS ( 6 )  33 . 3  0 . 0  1 6 . 7 50 . 0  
OVERALL ACCU RACY = 79 . 41% 




be more  s imi lar to the p a t tern p r oduce d by gras s than by co rn . The 
larges t devia t i on from the co rn me an o ccurred in the infr ared dat a . 
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Hal f of the al fal f a  d at a  was co rrectly classified and half was 
mis clas s i f ied , 3 3 . 3  p e r cen t as small gr ain and 1 6 . 7  per cent a s gras s . 
Those  alfal fa f i elds  tha t  were in be t t er cond i t ion than the ave rag e 
alfal f a  f ield were mis clas s i f ied as smal l grain and tho s e  tha t  were 
in poorer cond i t ion than the average were mis class if i ed as gras s . 
A s imi lar phenomena o ccurred w i th the gr as s data . Tho s e  f i e l ds 
that were repor ted during gro und truth co l lection as be ing in p o o r  con­
dition were mis clas s i f ied as corn and the f ield  that was r ep o rt e d  as 
being in the be s t  condi t ion was class i f i e d  as al fal fa . The remaining 
fields , 5 0  per cent , were c o rre ct ly clas s i f ied as gras s . The f ield  tha t 
was mis cl as s i f ied as a l f a l f a  was atyp i cal fo r gras s b e caus e o f the ex­
cellent wa ter rela t ionsh ip s as so ciated wi th the Lamoure so i l  where  i t  
was growing . In a d ry year , s uch as 1 9 7 4 , the Lamou re s o il has exc el­
len t growing cond i t ions ; wh i le in no rmal year s there is ex ce s s ive wa t er 
p resent for op timum p lan t grow th . This , and l imited graz ing , has caused 
this f ie ld  to have a s p e c t ral re fle ctan ce pa t t e rn  mo re c lo s e ly relate d 
to alf al f a  than gras s . Limi ted veg e t at ive b iomas s and large amoun ts  of  
expo s ed s oil p r e s en t  on the ove rgrazed fiel ds p ro duced a sp e c tral pat- , 
tern that resemb l ed corn mor e  th an it did gras s , and thus the s e  f ie ld s  
wer e mis clas s i f ied a s  corn ins t ead o f  gras s . 
Fig ure 1 9  shows ove r lap b e tween the categor ies that expe r ien ced 
clas sif i cat ion prob lems . The overlap b e tween grass and co rn help s ex­
pl ain the mi s c las s if i cat ion of the data . S imi lar over lap o c cu rs be tween 
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6 7  
June 30 , 1 9 74 
On June 30 , 1 9 7 4 , smal l  g r a ins had headed ou t and mo s t  had b egun 
to turn brown . Al falf a f ie lds  h ad been cu t and were at  d i f f e ren t s t ages  
o f regrowth . Co rn f ields had b een c ul t ivated once and had incre as e d  in 
he ight s ince the las t LANDSAT overpas s .  
The re f le c t an ce p a t tern o f the fo ur catego ries in e a ch o f  the LAND­
SAT wavebands is disp l ayed in F igures 20 thro ugh 2 3 . Th e re fle c t an ce o f · 
Band 4 ,  Figure 20 , by  corn and smal l gra in fields have de c reas ed s in ce 
June 12 , whi le g r a s s  and a l f alf a f ields now have highe r lev e l s  o f  re­
flec tance than b e fore . Levels of  pigments in p lant leaves have a cr it i­
cal ef fe c t on the r e f le c tan ce o f  green l ight by plan t s . The b r owning o f  
smal l grain l eave s  af t e r  he ading is as so ciated wi th a redu c ti on i n  p l ant 
pigments , p r im ar ily chlorophyll . This pheno log ical ch ange is respon s ib le 
for the drop in r e f le ct ance o f  Band 4 from a me an value of 4 . 6  pe rcen t  
on June 1 2  to a mean r e f l e c tan ce o f  4 . 0 pe rc ent on June 3 0 . 
Cul t iva t ion is res pons ib le f o r  the change in reflec t ance  o f  Band 4 
by corn f iel ds . Co rn f ield s  have dropped in re f le c tan ce f ro m  an aver ag e 
value o f  5 . 4 per cen t on  June 12  to a mean o f  3 . 7  percent on  June 3 0 . 
Figure 24 is an examp l e  o f  how re fle ctan ce is  inf luenced b y  cul tiva tion .  
The fo ur corn f i e l ds shown are all lo cated on Poins e t t  s o i l s  and vary , 
only in the heigh t o f c rop and sur face condi tion .  PW2 and PB4  h ave b een 
re cently cul t ivated and now h ave a s l ight crus t on the s ur f a ce . Their 
reflec tan ce l ies b e tween the re f le ctance va lues o f  PB 6 whi ch has b een 
freshly cul t iva t ed and PB2 wh i ch ha s not b een cul t ivated and h as abun­
dan t  weed g row th . Thi s  add i t iona l veget at ion in field PB 2 has caus ed 
the ref le c tan ce o f  B and 4 t o  b e  2 . 3  percen t higher than the ave rage for  
68 
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F igur e  2 0  
EXOTECH RAD I OMETER DATA 
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J U N E  30 , 1974 
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PW2 PB4 PB2 PB6 
PW2 : 50 cM , C RUSTED SU RFACE 
PB4 : 65 cM , CRUSTED SU RFACE 
PB2 : 30  cM , VERY WEEDY 
PB6 : 40 cM , F RESH CU LT I VAT I ON 
0 , 5-Q , 6  UM = 4 Q , 7- Q , 8  UM = 6 
0 . 6- 0 . 7 u M = 5  0 . 8-l . l uM = 7 
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7 3 
for corn f ields and 3 . 0  percent higher than PB6 , whi ch was freshly 
cu l t iva t ed . 
Co nt inued growth by g ras s f ields  h ave caused a dr ama t i c  increas e 
in r e flec tance o f  Band 4 .  The ave rage refle c t an ce value j umpe d  2 . 39 
per cen t f rom June 1 2  leve ls . 
The d i s tribut ion p a t tern fo r Band 5 is given on Figure 2 1 . Com-
par ing J une 30 da t a  to • June 1 2  d at a ,  the re fle ctance of r e d  l igh t by  
co rn and small grain de cre as ed , whi le gras s  increased i t s  refle ctan ce 
o f  red l igh t . Dur ing this t ime al fal f a ha d no change in r e f le c t an ce 
of Band 5 .  
Higher lev e l s  o f  pho tosyn the tic  activi ty by sma l l  gr ains d ur ing 
seed f i ll ing has c ause d in cre ased ab sorption o f  red l i gh t  by  the plant s . 
The re f l e c t an ce o f  red  l igh t by small gr ains has dropped from an ave r -
age value o f  3 . 7  per cent  o n  June 1 2  to a mean o f  3 . 1  p e rcent  o n  J une 3 0 . 
Comb ined fac tor s o f  in creas ed growth and c u l tivat ion has caused the 
reflectance of Ban d  5 by co rn fields to dro p f rom a June 12 mean of 6 . 3 
per cen t· to a leve l o f  3 . 6 p e r cen t on June 30 . The d a t a  found on  Fi gur e  
24 woul d indi ca te that cul t iv ation has a smaller e f fec t on t h e  re f l ec t-
an ce o f  Band 5 than on the o ther b ands . 
Due to high tempe rat ur e s  and dra ugh ty cond i t ions , gras s f ie lds h ave 
beg un to e i ther turn b r own o r  grow at  redu ced rates . B o th o f  the se 
trends lead to lower level s o f  pho to synthes is and as so c i at e d  de creas ed 
abso rp t ion of red l i gh t . Rad iome ter measur ement s upho l d  this exp l ana-
tion .  The data  s how an in cre as e  in r e f le ctan ce of almo s t  one p e r cent 
from the previous LANDSAT ove rp a s s . 
Re f l e c tance levels f o r  Band 5 by alf al fa have remained cons tan t  
I 
1 �-
b e tween the two June d a te s  inves t igated . The s tudy f ie l ds had a 
mean reflectance of  4 . 4 per cen t  on b oth dates . 
Figures 2 2  thro ugh 2 3  show the re fle ctan ce dis t r ib u t ion fo r 
7 4  
Bands 6 and 7 ,  r e s pe ct ively . Corn was the only cate gory to  increase 
i ts re fle ct an ce of in fr ared l igh t  ove r the June 12 l evel s . I t  j umped 
from a mean Band 7 value of 10 . 3  percen t on June 1 2  to  an ave rage 
re ading of 1 2 . 8  per cen t on June 30 . In cre ased crop he igh t i s  r e s pons i­
ble fo r this increase  in r e f le ct ance . Dif fe renc e s  in cul t iv a t ion and 
the amo unt o f  weed g rowth p l ayed a maj or role in the wid e  r ang e o f in­
frared values for the co rn f ields . Fig ure 24 shows a d i f f e rence of 
5 . 61 percent in B and 7 r e f l e c t an ce be tween PB 6 ,  a fre shly cul t ivated 
field , and PB 2 ,  a wee dy corn fi eld . 
The r educ t ion in re f le ctance o f  in frared light by smal l g r a ins i s  
a natur al o ccurrence tha t is  as s o c iated wi th rip ening o f  the g r a in . 
Small gr ains r e a ched their  maximum re fle ct ance in Band 7 o n  June 1 2  
when an average re ad in g  of  34 . 5  p e r cen t was reco rded . By June 30 , the 
aver age re fle ctan ce o f  the s e  s ame f ield s had fallen to 31 . 3  p e r cent . 
Increa s ed g r a z ing and droug h t  condi tions cau s ed a 7 p e r cen t drop 
in ref lec tance o f  B and 7 be tween the two June dates . On June 1 2 ,  gras s 
had an aver age ref le c t ance o f  2 7 . 5  p e rcen t b ut by June 30 , the ir re- . 
flectance had dropped to 2 0 . 5  p e r cent . 
The redu c t i on in inf rared refle c t ance by alfal f a  i s  d ue to cul­
tural no t  phys io log i ca l  condi tion s . By June 30 , all f ie l ds had been 
harves ted and were a t  var iou s s t ages of re growth . B and 7 r e f l e c t ances 
were 4 0 . 4  per cen t on June 12  bu t had p lumme ted to 26 . 9  p e r cent af ter 
�-
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harve s t ing on June 30 . 
Radiome t er d a ta f rom wh eat f ie lds on June 30  con tained d a t a that 
demons tra te wi thin-crop-var i a t i ons that  co uld be  at t ribu t e d  to s o il 
difference s . Figure 25 has d a t a  p l o t t e d  f rom four wheat f ie ld s  o f  
approxima tely the s ame pheno logi c al ma tur i ty . V1 3 and Vl O a r e  t e s t 
fiel ds fr om the Vienna s o i l  a s so ciat ion , a ma tu re g lacial t i l l  s o i l  
of  loam tex ture . Fl3  and Fl 2 ar e tes t f ie l ds locate d wi th in the Fo rd­
ville s o i l  a s s o ci a t i on ,  char a c t e rized by a loamy-tex tured surface 
over lay ing s and and grave l a t  6 0  cm o f  dep th . It  o c curs on the a lluvi al 
terraces o f  the S ioux River . Dif fe rences in re fle ct ance s  b e tween the 
two soils  o ccur b o th in the v is ib le and ne ar inf rared reg ions o f  the 
elect romagne tic s p e c trum . Wh ea t grown on Vienna loam re f le c te d  l e s s  
red ligh t and more  near infr ared ligh t  than whea t grown o n  t he Fo rdvil l e  
soi l .  The low re f le c tance o f  red l igh t indicated  a higher  l eve l o f  
pho to synthe t ic ac tiv i ty on the Vienna s o ils than on the d raugh ty Ford­
vi lle s o ils . The more  v igoro us ve ge tation on the gla cial t i ll soil re­
sul t s  in higher r e f lec tan ce in B ands 6 and 7 than o n  the a l luv ial ter­
race s wher e the s h al low roo t ing dep th has a ccentuated the  d ro ugh t s tr e s s  
and has tened the drying o f  th e wheat p lan ts . 
Corn data a l s o  c o n t a ine d var ia t i ons tha t  could b e  a t t r ibu ted t o  
soil dif ference s .  Figure 2 6  d is p l ays  rad iome ter d a t a f ro m  f o ur c o rn 
f ields , two f rom t he 1amoure s oi l  a s s ociat ion and two from the P oins e t t  
soil as s oc iation .  Corn fie ld s  grown on Poins e t t  s o i l s , PW2 and PB 4 ,  have 
higher ref lec tances in al l b ands than the two corn tes t f i el d s  f rom the 
Lamoure as so ci a t i on , 1 8  and 1 4 . Late plan ting of  the c o rn on the poorly 
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5 = 0 , 6- 0 , 7 U M  7 = 0 . 8-1 . l u M 
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drained Lamour e ,  wh i ch i s  c l as s i f ied a s  an Aquoll , has caused t h e  corn 
to be one half a s  tall as the corn grown on the well d ra ined P o in s e t t  
soil , whi ch i s  clas s i f ied as Bo re l l . 
These two examp le s s how how dras t i cally s oil s can inf lu en ce the 
ref le ctance p a t tern o f  a s ingle type of vege ta t ion . They emph a s i z e  
tha t the re f le c t ance value s that  a r e  measured ar e n o t  tho s e  o f  the 
vege tat ion a lone but  a
·
comp lex s ignature of  vege t a t ion and s o il s  in ter ­
acting toge ther to p rodu c e  a s ingle value . 
Results  o f  compu ter c l a s s i f ication of  the exo t e ch d a t a  by  the BMD 
program are shown on Tab le 1 0 . Band 6 wi th a F value o f  2 1 . 0  was 
entered into the cla s s if i c a t ion pro ces s  f i rs t . Da t a  from B ands 6 and 7 
seem to be the mo s t  imp o r tant b ands when separat ing the s e  vege t a t ion 
categor ies . They o cc ur re d ,  in one form or anothe r ,  in the s even mos t  
signif i cant band comb ina t i ons and in ten o f  the thi rteen s te p s  used . 
Tab le 1 1  shows th at  wh en s t eps  1 thro ugh 12 we re used in the clas s i­
f ic ati on p ro ces s ,  co rn , small g r ain , and gra s s  we re iden t i f ie d  co rrect-
ly 100 percen t o f  the  t ime . Al fal fa was corre ctly iden t i fied  83 . 3  per­
cent of  the  time . The  rema ining 16 . 7  pe rcen t we re mis clas s i f ied as  small 
g1·ain . Examina ti on of  Figure 27 shows how clo se toge ther the gro up 
means for smal l g r a in and al falf a really are . Value s along the x-axis 
are -2 . 9 39 for small  g ra in and - 3 . 0 6 6  fo r for a l f al fa . Thi s  i s  a dif­
feren ce o f only 0 . 1 2 7 . They are s ep arated along the y-axi s by  0 . 6 7 8  o f  
one canonical va lue . W i t h  the gro up means this clo s e  to g e the r , confus ion 
b e tween the two is unde rs tand ab le . Gras s and co rn group me an s  h ave h igher 
Values along the x-axi s and ar e b e t ter  sep arate d .  Cons e quen t ly , they 
7 9  
T ab l e  1 0  
VEG ETAT I ON C LASS I F I CAT I ON 
,,.,.-
CORN , SMA L L  G RA I N ,  A LFA LFA, AND G RASS 
EXOTECH DATA ; 30 J U N E  1974 
STEP . BAND PER C ENT 
NUMB ER COMB I NAT I ON OVERALL ACCU RACY 
1 . 6 58 . 8  
2 x 4, 6 73 . 5  
3 G/4 73 . 5  
4 7 , 5 76 . 4  
5 7/ 6 82 . 3  
6 7 82 . 3  
7 6/ 5 82 . 3  
8 4 88 . 2  
9 5 85 . 2  
10 ( 7/ 5 ) / ( 6/4 ) 88 . 2  
11 715 91 . 1  
12 7/4 97 . 0  
13  5/4 9 7 . 0  
T a b l e  1 1  
CORN ( 12 )  
Si'li� LL G RA I N  (12 ) 
ALFALFA { 6 )  
GRASS ( 4 )  
CLASS I F I CAT I ON ACCURACY * 
EXOTECH DATA ; 30 J UNE 1 9 74 
"PERC ENT C LASS I F I ED 
CORN SMALL G RA I N  ALFALFA 
100 . 0 0 . 0 o . o 
0 . 0 100 . 0 0 . 0 
. 
0 . 0 16 . 7  83 . 3  
0 . 0 0 . 0  o . o 
OVERALL ACC U RACY = 97 . 0% 
G RASS ' 
0 . 0 
0 . 0  
0 . 0  
100 . 0 
-
























F igu r e  2 7  VEGETAT I ON CLASS I F I CAT I ON 
EXOTECH DATA ; 3 0  JUNE 1 9 7 5  
3 . 7 0 :, 3 . 4 5  ,� ' 3 . 2 0  ' 2 . 9 5  I A ' 
2 .  7 o  I ' 2 . 4 5 /A 
2 .  2 0  I �\ , . . . . . .  : 1 . 9 5 $ G : 
i .  7 o  I * \ $ E 
i .  4 5  I \ $ E I \ .., G • 1 .  2 0 � $ : 
0 . 9 5  ' A �  $ G * �� 
0 .  7 0  ' , $ ...... .. 
0 . 4 5  � , " $ .,. .... .. 
o .  2 0  ��/ s----4� / ...... .. - 0 . 0 5 1' � , �4"'"�4"'"�-; $ ...... .. 
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F I R S T  CANON I CAL VAR IAB L E  
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contained n o  point s o f  confus ion . 
July 1 9 ,  19 7 4  
O n  J uly 1 9 , 1 9 74 , smal l g rain f ields had los t mo s t  o f  the i r  green 
color and we re near ly r e ady to be harves ted . S ince the l a s t  overp a s s , 
corn had exp e r ienced i t s  per iod of  mo s t  r apid growth . Mos t  f ields  had 
doub led and s ome had t r ip led the ir heigh t  s in ce June 30 . T a s s e ls were  
beg inning to eme rge in the more advanced f ield s . The growth and  con­
di tion of alf alfa and g r a s s  were showing the effe cts  of  the d raugh ty 
weather con di tions . Many f ie l ds , wi th the ex cep t ion of  alluvi al b o t tom­
lands and well-managed up l and s ,  had turne d brown and were making ve ry 
little regrow th . 
Fi gures  2 8  through 3 1  are the refle c t an ce dis trib u t ion f o r  the 
fo ur veg e ta t ive categories in ea ch of the LANDSAT waveb ands . Tho s e  
p at terns will b e  d i s cus sed individually fo r e a ch o f  the b ands by 
category .  
The r e f le ctan ce levels  o f  Band 4 ,  g reen l ight , incre as e d  ove r  June 
30 leve ls for all  ca teg o r ies  ex cep t co rn ,  whi ch remain e d  con s t an t . 
Tab le 1 2  shows the r e f l e c tance levels  in each of the bands f o r  the d i f ­
feren t  categories on b ot h  June 30 and July 19 . 
The larg e i n cre as e , 2 . 5 3  p e r cen t in refle ctance by  small grain i s  
as soc iated with mat urat ion o f  the grain . I t  is  brough t ab o u t  by a com­
b inat ion o f p igmen t a t ion changes and a lo s s  o f  leaf mo i s tur e . As a . 
Plan t l ives beyond i t s  p hys iolog ical maturi ty th e p rodu c t io n  of chloro ­
phyll is red uced . Thi s allow s  the p resen ce of caro tene s  and x anthopylls  
to be reve aled . Thes e  caro teno i d p igment s were p resen t  before the 
8 3  
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F igu r e  3 0  
EXOTECH  RAD I OMETER DATA 
. 
J U LY 1 9 )  1974 
BAND 6 ( 0 .  7-0 . 8 UM ) 
35 
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BAND 7 ( 0 . 8-1 . 1  UM)  
( 2 7 )  
* I 
SMALL G RA I N  
( 7 )  
GRASS 
* 




( 8 )  
ALFA LFA 
Ta b l e  1 2  
VEGETAT I ON REFLECTANCE* 
EXOTECH DATA ; BROOl< I r�G S �  s I D  I 
BAND 4 BAr�D 5 BAND 6 
CATEGORY G-30 7-19 6-30 7-19 6-30 7-19 
, 
CORN 3 . 73 3 . 80 3 . 64 3 . 21 9 . 64 20 . 88 
SMALL G RA I N  4 . 08 6 . 61 3 . 18 7 . 82 22 . 09 20 . 65 
ALFALFA 4 . 98 5 . 17 4 . 46 5 . 18 20 . 14  2 0 . 72 
GRASS 5 . 05 6 . 22 5 . 07 7 . 30 1 5 . 13 20 . 92  
* = G ROUP MEAN 
BAND 7 
6- 30 7-19 
12 . 84 31 . 90  
31 . 33 28 . 52 
26 . 89 2 7 . 68 





chlorophyll b r e akdown b ut were masked by  the chlorophyll s . Thi s , 
along wi th the f a c t  tha t leaf reflectance increa s e s  w i th the lo s s of  
lea f turb i ty ,  help s exp lain why the re fle ctance of g reen l igh t made 
s uch a drama t i c  j ump b e twe en these two dates . 
This s ame phenomenon o c cu rred b u t  to a lesser  de gree wi th the 
gras s and alf alf a d a t a . The g roup me an for alfal f a  incr eased 0 . 1 9  
per cent , while an increase  o f 1 . 1 7  percen t  o c cur red wi thin the g ras s 
data . The sma l le r  in cre as e  for a lf al fa than fo r gras s wo uld indicate  
that the deep roo t ing sys tem of  the alfalfa plan t  is  p rovi ding it  with 
sub s o i l  mo i s ture  tha t the shallowe r roo ted gr asses  are unab le
.
to ob t ain . 
Fig ure  29  shows the re flec tance pat tern for B and 5 .  Good separ a­
tion o f  group means was ob t ained . Corn fields ha d the lowe s t group mean , 
3 . 21 percen t  and sma l l  g ra in s  the highes t gro up mean , 7 . 82 p e r cen t . 
S ince the las t overp a s s , the re flec tance of  red l igh t h as increas e d  
fo r all catego r i es excep t co rn , wh ich con t inued i t s  decrea s ing t rend . 
Tab le 1 2  compares the g ro up me ans for July 19  and June 30 . 
The group mean fo r corn d ropped from 3 . 6 4 percen t  on June 30  to 
3 . 2 1 per cent  on July 19 . This red uction in refle ctanc e of red ligh t 
by corn is the s ame phenomenon tha t sma l l  grains exp er ienced e ar l ier 
in the growing s e ason . Du ring thi s  period o f  a c t ive veg e t a t ive growtq , 
t he . leve l o f  pho tosyn the t i c  activ i ty has reached a maximum . As s oc i at ed 
wi th maximum p ho to syn the s i s  is maximum ab sorp t i on o f  r e d  l igh t . Fig ure 
32 shows the r e f le c t an ce p a t tern of one corn field and how i t  h a s  
changed s ince June 30 . I ts redu ction in re fle c tan ce of  r e d  l ig h t  is  
typical of  the  corn dat a . The  in cr ease in  height , 1 10 cm , i s  larger 
F i gu r e  3 2  
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than no rma l b ut did o c cur on many of the mo r e  p rodu c t ive f ie ld s . 
Small grains a r e  exper iencing the o ppos ite  growth condi t i ons o f  
corn . They have l ived b eyond their phys io logi cal ma tuY i ty and are  now 
ripening . Death to the p lan t du ring the ripening p ro ce s s  is as s o ciated 
wi th an in crease i n  re f l e c t ance o f  red ligh t .  B reakdown o f  and f a i l ure 
to repleni s h  s up p l i es o f  chlorophyll in the p l ant has caused an in crease 
in refle c t ance . P rev i� us ly this  light had been abs orbed by the p lant 
during the pho tosyn th e t ic p r o ce s s . Figure 3 3  g raph ica l ly d i s p l ay s  how 
the reflectance p a t tern o f  sma ll grains has changed s in ce the l a s t  ove r-
p as s . The group mean has j umped from a June 30 aver age  of 3 . 1 8  per cent 
to 7 . 82 per cent on July 1 9 . Us in g a b arley field tha t  is  r ea dy for har-
ves t as an indi cato r , we could expe c t  the re flectance of Band 5 to  con-
tinue to increase  as the grain r ipens . The b arley was refle c t ing 14 . 33 
perc en t o f  the incoming red l igh t on July 19 . 
Us ing the r e f le c t ance o f  Band 5 as an ind icato r of  how wel l  a crop 
is wi th s t anding dr ough t condi t i ons , it woul d be f air  to p o s tulate tha t 
alfalfa  is  d o ing mu ch be t ter than gra s s .  Tab le 12  reveals  that the re-
flectance o f  Band 5 by al f al f a  has increas e d  only 0 . 7 2 p e r cen t wh i le the 
ref lec tance by g r as s  has incre as ed 2 . 2 3 percen t . This  large an inc reas e 
in ref le ctan ce wo uld ind i ca t e  tha t gras s p l an t s  are go ing thr ough a peri-
od of reduced pho t o s yn th e t i c  ac t ivity . Rela ting this b ack to  the gras s 
pheno logical growth chart , Figure 5 ,  i t  i s  seen tha t this t ime o f  re-
du ce d act iv i ty corre s p onds to the midsumme r dormancy of smoo th b r omegras s , 
Whi ch is the p r imary gra z ing g ras s of  B rooking s Co un ty .  
The r e f l ect ance p a t te rn o f  the four categorie s in B ands 6 and 7 are 
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toge ther . Co rn has j umped from the lowe s t  B and 7 mean ,  1 2 . 84 p e r c ent 
on June 30 to the high es t averag e value , 31 . 90 percent on July 1 9 . 
Tab le 1 2  shows how the ca t ego rical means have changed s ince June 30 . 
The s l ight  incr ease  by al fal f a  i s  mi s leading . Many f ie l ds d i d  
grow cons ide r ab ly during this  per iod b ut due t o  the harve s t ing o f  the 
second cut t ing o f  hay , the average in cre ased o nly a sma l l  amoun t . 
Due to  redu ced gra z ing on the gras s  f ields , the gro up mean fo r 
Band 7 incr eas ed 6 . 6 3 p e rcent . This i s  an example  o f how cul tural 
and natural co ndi t ions work j oin tly t o  inf luen ce th e refle c t an ce p a t­
tern o f  a crop a nd i t  a l s o  demons trates  the ne ce s s ity f or the inter ­
preto r to  make de t ailed field observat ions and b e  acquain ted with lo cal 
agr i cul tura l p ra c t ices . 
The inc rease in the he igh t of co rn p l ant s ,  as illus t r a ted  b y 
Figure 3 2 , i s  the pr imary caus e o f the re flectance o f  B and 7 to  b e  two 
and a half  t imes greater  on July 19  than on June 30 . As th e b ioma s s  
o f co rn leave s incre ase the in terfa ce s  among the spongy mes ophy l l  in-
cre ases accord ingly . I t  is thes e in terfa ces  th at are r e s p on s i b l e  f o r  
mos t  o f the in fra red l igh t th at is re flec ted by  a p lant lea f . 
The F-values derived d ur ing compu ter analys is  of the exo t ec h  d a t a  
revealed tha t B an ds 4 and 5 were the mo s t  s igni f i cant ini t ia l  b and 
comb inat i ons . B an d  4 had a F-va lue of 2 8 . 404 and B and 5 a F-va lue of 
23 . 1 81 .  All o ther b and combinat i ons h ad F-values le s s  than 16 . 0 .  The 
reason that  the s e  two b ands have such a high value is  that  B and 5 when 
compared to B and 4 had a corr ela t ion coe ff i cient of 0 . 65 82 , whi ch was 
highly s igni f i cant .  
The order that d if ferent b and comb inat ions we re entered into the 
,--
9 3  
clas s i f i ca t i on p ro ced ur e  i s  g iven in Tab le 1 3 . Inpu t f rom a l l  b an d  com­
bina t i ons , ex cep t B and 5 ,  we re ne ce s s ary in order to achi eve maximt.nn 
ac cura cy . Nine ty- fo ur per cen t c o rre c t  clas s i f i cat ion was ob t a ine d during 
s tep numb e r  fo ur teen . The high degree of  co rrelation b e tween B and s · 4 and 
5 made the use  of B and 5 unnec ce s s ary and redundant . This ove r l ap be tween 
the two b ands ca us e d  B and 5 to f a i l  the toleran ce t e s t s  and thus i t  was 
no t in cluded in the cla s s i f i ca t ion p ro ces s . 
Ca tegor i cal and overa l l  a c cur acies for s tep number four teen ar e 
shown on T ab l e  1 4 . Co rn and g r a s s  we re correctly iden t i f i e d  1 0 0  per cen t 
of the t ime . Thes e  small  gra in f ields that were s t il l  green in colo r 
and behind the ave ra ge in matu r i ty we re mis cl as s i fied as a l f a l f a . E ight 
perc en t  o f  the smal l grain da ta  were clas s ifie d as al fa l f a and 9 2  per cen t 
were co rr e c tly iden tif ied as  sma ll grain . Al fal f a  f i.el ds t ha t  were in 
poor condi tion were clas s i f ied as g r as s . The s e  fields mad e  up the 16 . 6 
percen t o f  the a l fa l f a  d a t a  tha t was mis clas s i f ied . The r emaining 8 3 . 3  
pe rcen t o f  the al f a l f a  d at a  was correc tly iden t if i ed . 
The gr aphi cal d is tr ibu t ion o f  the cl as s i f ie d  dat a ,  Figure 34 , 
shows the clo s e  r elat ionship tha t ex i s t s  be tween small gr ain , al fal fa , 
and gr as s . 
Augus t 5 , 1 9 7 4  
Dr ama t ic changes i n  veg e t a t iv e  cove r took place b e tween the J uly 
LANDSAT overp as s  and Aug us t  5 ,  1 9 7 4 . Near ly all fie l ds of o a t s ,  whea t ,  
b ar ley , and rye h ad been harves t ed and had various amo unt s  o f  r es id ue 
cover . Co rn f ie l ds ha d tas s e led and s ilked and we re in the pr o ce s s  o f 
kernel d evelopment . The dry we ather was hav ing ne gat ive af f ec t s  on the 
. 94 
Tab l e  1 3  
VEG ETAT I ON CLAS S I F I CAT I ON 
CORN , SMA LL G RA I N , ALFALFA, AND G RASS 
EXOTECH DATA i 19  J U LY 1 974 
STEP BAND PERCENT 
N UMBE R  COMB I NAT I ON OVERALL ACCU RACY 
i 4 73 . 5  
2 x 5 , 6 , 7 32 . 3  
3 x 4 , 6 85 . 2  
4 6/4 82 . 3  
5 7/5 82 . 3  
6 ( 7/5 ) / ( 6/4 ) 85 . 2  
7 7 85 . 2  
8 6/5 85 . 2  
9 6 88 . 2  
10 7/4 88 . 2  
11 5/4 91 . 1  
12 x 4 , 5, 6 , 7 91 . l 
13 x 5, 7 91 . 1  
14 7/ 6 94 . 1  
Ta b l e  1 4  
CLASS I F I CAT I ON ACCURACY * 
EXOTECH  DATA ; 19 J U LY 1974 
PERCENT C LASS I F I ED 
CORN SMALL G RA I N  ALFALFA G RASS 
CORN ( 12 )  1 00 . 0 0 . 0  0 . 0  0 . 0 
SMALL G RA I N  ( 12 ) 0 . 0 91 . 6  8 . 3  o . o 
ALFALFA ( 6 )  0 . 0 o . o 83 . 3  16 . 6  
-
GRASS C 4 )  I 0 . 0 o . o  0 . 0  100 . 0 
OVERALL ACCURACY = 94 . 12% 
* CLASS I F I ED BY STEPS 1 - 14 I NC LUS I VELY 























2 . 8 0 
2 .  5 5 
2 . 3 0  
2 . 0 5 
1 .  8 0  
1 .  5 5  
1 .  3 0  
1 .  0 5  
0 . 8 0 
0 . 5 5  
0 . 3 0 
0 . 0 5 
- 0 .  2 0 
- 0 . 4 5 
- 0 .  7 0 
- 0 . 9 5  
- 1 .  2 0  
- 1 . 4 5  
- 1 .  7 0  
- 1 . 9 5 
- 2 .  2 0 
- 2 . 4 5 
- 2 .  7 0  
- 2 . 9 5 
- 3 .  2 0 
\ 
F igur e  3 4  VEGETAT I ON CLASS I F I CAT I ON 
EXOTECH DATA ; 1 9  JU LY 1 9 7 4  
!•• · · · · · · · · · · · · · · · · · · · · · · · · · · ·� 
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- 3 . 4 5  
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- 1 .  9 5  - 0 . 4 5  1 .  O S  2 . 5 5 
F I RST  CANON I CAL VARI AB LE 
4 . 0 5 5 . 5 5 
growth o f  gras s an d a l f al fa . All ve geta t ion was short . 
The reflec tance p a t tern o f  the veg e t a t ive ca tegories  in B an d  4 
are g iven on Fig ure 35 . Small  grains had the highes t  group mean and 
corn had the lowes t .  This  wo ul d indicate that late  in the growing 
season the l e s s  green b ioma s s  and more p lan t res idue tha t i s  presen t  
9 7  
in a f ield , the higher  wi l l  be the ref le ctance o f  g reen l ig h t . T ab le 
15 shows how the group� means h ave changed fo r vege t at ive catego r ie s  
s ince the Ju ly 1 9  overp a s s . The reflec tan ce o f  green l igh t b y  a ll 
ca tego ries has in crea s ed . The sharpe s t  increas e  was by sm all gr ains . 
Harves ting o f  the grain had in crea sed the amount o f  dry ma t ter p resent . 
The dry grain s t raw h ad a h ighe r re flectance than the l iving p l ant  
th at was  p re s ent in July . 
A comb in a t i on o f  d ro ugh t and tas seling ha s increas ed the amount o f  
dry tis s ue p r e s en t  o n  corn p la nt s . This dry t is sue has caus ed the 
group me an fo r g reen l i gh t  to  increas e  from 3 . 8 0  p er cent  on July 1 9  to 
5 . 53 percen t  o n  Au gus t 5 .  
S im i l ar change s  in gra s s and a l falfa  are respon s ib le for the in­
creased reflectance for  thes e two categories . A sma l le r  inc r e as e  by 
al falfa  than gras s would indic ate  that alfalfa is withs t anding the 
drought b e t ter than g r a s s . 
The clo s e  r ela t ionship b e tween B and 4 an d B and 5 is  once again 
poin ted out  by  the comp a r i s on of the i r  reflectance p at te rns , F ig ure s 35 
and 36 .  Corn , s in ce it is the mo s t  photos yn the t ic ally a c tive ca tego ry 
on this date , h ad th e lowes t group me an , 5 . 6 7  percent . The opp o s i te 
si tuat ion in the harves ted sma l l  grain is res p ons ib l e  fo r the h igh 
group mean re f lec tanc e of 14 . 24 per cent . Figure 37 shows how the 
.,,..-
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EXOTECH RAD I OMETER DATA 
AUG UST 5, 1974 
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SHALL G RA Hl 
ALFALF1� 
G RASS 
VEGETAT I ON REFLECTANCE 
EXOTECH DATA; B ROOK I NG S ,  S . D .  
I3A�m 4 BAI-JD 5 BAi,lD  6 BAl�D 7 
7- 15 8-05 7-19 8-05 7-19 8-05 7-19 8- 05  
t 
3 . 80 5 . 53 3 . 21 5 . 67 20 . 88 26 . 05  31 . 90 36 . 29 
6 . 61 10 . 27 7 I 82 lLJ . 2 4 .  20 . 65 24 . 29 28 . 52 31 . 00 
5 . 17 5 . 55 5 . 18 7 . 57 20 . 72 21 . 53 2 7 . 68 29 . 05 
6 . 22 8 . 16 7 . 30 11 . 00 20 . 92 19 . 47 2 7 . 33 23 . 79 
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reflec tance p a t tern o f  smal l g ra ins have changed s ince June 3 0 . The 
refle c t ance o f  Band 5 h as in crea s ed cons is ten tly with e ach s uc ce s s ive 
overpas s .  As s o c i a t ed wi th th is increase in reflec tance is the de cr ease 
in a c t ive ly growing green b i omas s .  As the plant  neared h arves t ,  the 
ab sorp t ion of r ed l i gh t for  pho tosynthe s is de creased resul t in g  in the 
observed r e f le c tan ce changes . 
The ca t ego r ic al group means fo r the in frared b ands are given on 
Fig ures 38 and 3 9 . A c omparison of the se mean values to  the me ans o f  
these same fie lds o n  J uly 1 9  reveals an in crease in ref l e c t ance fo r 
all c atego rie s exc ep t g ra s s . Attributing this in crea s e  in r e f l e ct anc e 
to increased veg e ta t ive b iomas s would be accep t ab le f o r  corn and al ­
fal fa but in co rr e c t  f o r  sma l l  gra ins , whi ch have been h a rv e s t e d  s in ce 
t he las t  ove rp as s .  The d e ad p l ant res idue s are s t ill  re f l e c t ing in­
frared l ight by inter f a ces  among the sp ongy mesophyll s , b u t  unl ike 
alfalfa and corn whi ch have in cre ased the number o f  r ef le c t ing in ter­
f aces by increas ing thei r  vege t a t ive b iomass , the dehydr a t io n  of the 
small grain tis s ues  d ur ing the ripening p ro ce s s  has caused the e f f e c t­
ive numbe r o f ref le c t ing inter f a ces to increase .  P r ior t o  the dehy dra­
tion proc e s s ,  the s p ongy mes ophyll  ce lls were t ightly p acke d  toge ther ; 
but followin g the lo s s  o f  leaf mo i s t ure , interface s  among th e t i s sue 
developed that previous ly we re no t present . ( 2 7 )  This examp le p o int s  
out the impo r t an ce o f  ground ob serva t i ons tha t co incide w i th da t a  
co l lection . The mer e  f ac t  o f  increa sed refle ctance wo uld b e  confus ing 
and dif f ic ul t to in terp r e t  wi thout fiel d ob servat ions that make po s s ible 
the comp ar i s on o f  pheno log ic al developmen t s  to re fle c t an ce ch ang e s . 
Renewed g r a z ing on many g ra s s  p as tures has caused the B and 7 mean 
,.--
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BAND 6 ( 0 . 7- 0 . 8  UM)  
* 
* 
( 7 )  
( 14 ) 
SMA LL G RA I N  G RASS 
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EXOTECH  RAD I OMETER DATA 
AU G U ST 5 )  1974 
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CO Rr·J SMALL G RA I N  G RASS  ALFALFA 
* 
= G ROUP MEAN 
. l 
1 05 
to drop from 2 7 . 3 3 p e r cen t on Ju ly 19 to 2 3 . 7 9 percen t on Augus t 5 .  
Fig ure 40  i s  an ex amp le o f the interact ion be tween s o i l s  and vege­
ta tion . The r e f le c t an ce valu es for  gra ss fields  gr owing o n  three s oils 
with d i f f erent d rainage pro f iles are g iven on the y-axis of  the gr aph 
and heigh t in cen t ime t er s  on the x- ax i s . The gr a s s  growing on L amoure 
soil  has an almo s t  iden ti cal ref le ct an ce pat t e rn to  g r as s grown on 
Fordville s o il , b u t  the height o f  the gras s growing on these two s o il s 
is d if feren t . Tha t o n  the Lamo ure s o il  is 10- 20 cm tall  wh i le on the 
Fordville s i t es , the gra s s  i s  9 0- 100 cm t al l . If the gra s s  on all 
three soils  was ·ac t iv e ly g rowing and green in colo r ,  i t  would  b e  
reasonable to exp e c t  the r e f le c t ance in the in frared b ands t o  corres ­
pond very clo s e ly with p l an t  he igh t ,  bu t only the gra s s  on the poorly 
dr ained Lamour e  s i te s  wa s green and active ly growing . Gr as s on the 
Vienna s i te s  was p r edominan tly brown wi th a f ew green p l an t s  s ca t ter ed 
thro ugho ut the lands cape . No g reen g ras s was ob se rved on any o f  the 
excess ively we l l  d ra ined Fordvi lle s i tes . The s imilar r e f le c tan ce 
pat tern p ro du ce d by b o t h  the Lamoure and Fordville s i te s  is a t t ribut ed 
to oppo s ing pheno lo g ic al phenomen a .  The poorly- drained cond i t ions 
as so ciated wi th the Lamo ure soil when teamed wi th draugh ty we a the r have 
provided ex cel len t  co ndi tions f o r  the produc t ion of gras s . I t  is  th is 
ac tively grow ing g r a s s  that is producing a reflectance p at tern that is  
typ ical o f  growing p l ants .  In contras t ,  the ex ce s s ive ly we ll-dra ined 
Fordville prof i le has lef t the grass  s ho r t  of ne ce s s ary amoun t s  o f  
wa ter . Due t o  the l a ck o f  . wa ter , the gr a ss on th is s o il h a s  d r i e d  and 
turned brown .  I t  is the dehydr a t ion of the p l ant leave s  tha t has caus ed 


























REF LECTANC E  OF  G RAS S Dr'J TH REE SO  I LS 
B ROOK I NG S ,  5 AUG UST 1974 
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1 0 7  
growing gra s s  o n  the L amoure s o il . The Vienna s o i l  i s  t r ans i t ional 
between the two d ra inage extreme s and the gras s growing on it is a 
mix ture o f  bo th s low g rowing and d ormant plan ts . Thu s ,  th e in frared 
ref lectan ce is no t  typ ical o f  e i ther growing o r  dead veg e t a t ion . 
Comp uter analys is  o f  the Exo te ch data by the B iomed i cal  Dis­
crimin a te Analys is Program ( BMD )  revealed that b o th B and 7 d ivide d by 
Band 5 ,  ( 7 / 5 ) , and B and 6 d ivi ded by Band 5 ,  ( 6 / 4 ) , had ini t ial F 
values o f  3 9 . 08 6 3  an d 3 9 . 2 7 15 , respe c t ively , while al l o ther t e s ted 
band combina t i ons ha d F values le s s  than or equal to 20 . This , a long 
wi th a correlation coe f f i cient of 0 . 9 6511  between B ands 6 and 7 ,  point  
ou t a degree of  redund an cy b e tween the two inf rared bands . The h igh 
F va lues for the s e  two b and comb in ations a l so emphas iz e s  the imp o r t­
ance o f  red and near in frar ed re flectan ce da t a  in vege t a t io n  recog­
ni tion when remo t ely s ensed data  are  used . 
Tab le 16  co n tains the order tha t band comb inat ions were  ent e re d  
into the clas s i f i ca t i on p r o ces s and the leve l of  ac cur a cy t h a t  they 
yiel ded when they were  adde d to all other p revio us ly u s ed c omb in at ions . 
The bes t resul t was o b t ained wh en the rat io o f  Band 6 d ivided by B and 
4 ,  ( 6/ 4 ) , was added to  the ten o ther  comb ina tions al ready incorpor a t ed 
into the c la s s i f i c a t i on p ro ces s .  
Even af te r maximum ac cur acy was a ch ieve d ,  the cl as s i f i ca t io n  o f 
some c ateg or ies was no t good . Tab le 7 con tains the catego r i cal ac­
cura cies that wer e  achieved . Smal l grains was the only g roup tha t  
had per f e c t  c la s s i f i cat ion . The c orn fields that were mis clas s i f ied , 
8 . 3  p er cen t o f  the t o ta l , wer e al l located on L amo ur e s o il . Be c aus e 





f ield s  were p l an te d  later  than normal and  these plant s  wer e  b eh ind in 
tas s el ing . They ha d inf r ared r efle ctan ces tha t  were higher than that 
of o ther corn f ields and thi s  res ulted in the ir b e ing clas s i f ie d  as  
alfal fa . The oppo s i te s i tuat ion o c curred for  the al fal fa d a ta . E igh ty­
three percen t  of  the se data  were  co rrec tly clas s if ied but tho s e  f i e ld s  
that were in poor c ondi t ion and failed t o  make pr oper r eg rowth we re 
mis clas s i f ied as corn . The se f i elds made up 16 . 6  percen t  o f  the al f a l f a  
data . 
Only 50  percen t o f  the g ras s d a t a  were co rre c t ly iden ti f i e d . The 
rema ining 5 0 p e r cen t were cl as s if ied as sm all grain . A g raph i c d i sp lay 
of the d i s trib ut ion o f the clas s i f i cation data , Figure 41 , shows the b i ­
modal na ture o f  the gras s dat a . Tho s e  fields tha t were ove r g razed and 
comp le tely brown ar e mo re clo s e ly a s so ciated with the harves te d small  
grain s tubb le  than the grass  f i e l d s  tha t  were s t ill  green . 
Aug us t  23, 19 7 4  
The condi t ion of  the  veg e t a t ion in Bro okings County on Aug us t 2 3 ,  
19 74 ,  was ex tremely var i ab le . Small gra in fields ranged from tho s e  with 
abundant regrowth to  f ie lds tha t we re b eing grazed by c a t t le o r  had b een 
tilled wi th e i ther a ch i s e l  or moldbo ard p low . Corn f i e l ds wer e  no mo re 
homogenous than the sma ll grains . · Di ffe rences in so il  mo i s tur e , p l ant­
i ng da tes ,  and vari e ties had caus ed f ields to  range f rom b e ing comp l e t e­
ly des i cc ated to thos e a ct ively gr owing . 
The la rge range in g ro up r efle ct an ces for  g reen l ight , B and 4 ,  s hown 
in Figure 42 ,  i s  the r e s ul t  o f  the extreme variab il i ty in f ie l d  con­
dit ion . Tab l e  1 8  con t ain s the g ro up means fo r Augus t  5 and 2 3 . A 
Ta b l e  1 7  
CLASS I F I CAT i m� ACCU RACY * 
EXOTECH DATA ; 5 AUG UST 1974 
PERCENT CLASS I F I ED 
CORN SMALL G RA HJ ALFALFA G RASS 
' 
CO RI� ( 13 )  91 . 6  0 . 0 8 . 3 0 . 0  
SMALL G RA HJ C l4 )  0 . 0 100 . 0 0 . 0 0 . 0 
. 
ALFALFA C 7 ) 1 6 . 6 0 . 0 83 . 3  0 . 0 
GRASS C 7 )  0 . 0 50 . 0  0 . 0 50 . 0  
OVERALL ACCURACY = 88 . 23% 
* C LASS I F I ED BY STEPS 1 - 11 I N C LUS I VELY 
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EXOTECH  RAD I OMETER DATA I 
AUGUST 23 ) 1974 I 
BArm 4 C 0 . 5-0 . 6 u M ) 
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7 :-?': I 
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� 
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CO Ri� SMA L L  G RA I N  G RAS S ALFALFA 
� = G ROUP MEAN 
Tab l e  1 8  
VEGETAT I ON REFLECTANC E  
EXOTECH DATAi B ROO K I NGS �  S . D .  
BAim 4 BAi�D 5 BAND 6 BAND 7 
CATEGORY 8- 05 8-23 8-05 8-23 8-05  8-23 t 8-05 8-23  
CORf,J 5 . 56 4 . 80 5 . 68 4 . 56 26 . 06  19 . 20 36 . 29 3 1 . 04 
S(1A LL  G Rt� I N 10  I 2 8 6 I 14 14 . 24 6 . 99 .  24 . 29 15 . 76 31 . 00 21 . 82 
ALFALFA 5 . 55 4 . 26 7 . 57 3 . 43 21 . 53 23 . 82 29 . 06 33 . 82 
G RASS 8 . 17 5 . 67 11 . 00 5 .  99 19 . 48 20 . 09 23 . 79 29 . 05 






reduction in mean r e f l e c t an ce was  experien ced by all  c a t egor ies . Small 
grain f ield s  had the large s t  re duc t ion . They de creas ed f ro m  a r e f l e c t-
. ance o f  10 . 2 7 8  p e r cen t on Augus t 5 to  6 . 135 per cen t on Aug u s t 2 3 . Two 
dif f erent f ac tors ar e r e s po ns ib le f o r  thi s  trend : incr eased  regrowth 
by b o th weeds and vo lun teer o at s , and surf ace tillage . 
Incre as ed gr een vege ta t ion ha s c aused the re fle ctance o f  green 
ligh t to r e turn t o  the lev e ls o f e ar ly June . The caro t ino i d  p igmen t s  
n o  longer are t h e  pr edominent reflec tanc e fac to r . Fig ure  4 3  compar es  
the refle c t an ce pa t t erns o f  plowed and unplowe d flax f ie l d s . App roxi-
ma tely one-ha lf o f  f ield  Vl5 had b een plowe d and the r emai nder was 
covered with a comb ina t i on of f l ax s t ubble and weed reg rowth . The 
other two f ields , Kll and  Kl2 , were loca ted on Kranzb urg  s o i l  and 
oc curred irr the s ame loca t ion b u t  on oppos ite s ides o f  a t owns h ip road . 
Fi eld Kl 2 was comp le tely cove red wi th wee ds s tand ing 1 9  cm t al l . I t  
wa s r efl e c t ing 6 . 7 9 5 per cen t  o f the incoming g reen l igh t wh i le f ield  
numb er Kl l ,  which had b een re cent ly plowed , re fle cted only 4 . 12 8  per-
cen t o f the in coming green l ight . This same t rend wa s ob s e rved in 
fie ld Vl5 . The unp lowed por t ion had a Band 4 re fle ct an ce o f  4 . 6 7 1  
per cent whi le the p lowed por tion re f lected only 3 . 51 6  p e r cent . From 
these  da ta , a r e la t i onship seems to ex is t be tween increas ing exp o s ed 
soil and decr eas ed re f l e c t ance in B and 4 .  
Al fal fa f ie l ds had the lowe s t  mean re fle ctan ce , 4 . 2 6 2  p e rcen t , 
of any o f the ca tegor ie s . The low refle ctance i s  due to l at e  s e as on 
regrowth whi ch has caus ed an in creas e  in green b ioma s s . Thi s  new growth 
has caus ed an increas e in  t he amount of  green light ab s orb ing p i gmen ts  
pres ent and thus  has caused the 1 . 2 9 2  percen t reduc t io n in r e f l e ctanc e 
--
11 5 
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s ince the l as t  ove rp as s .  
B and 5 refl e c tance p a t te rns o f  the four categor ies are g iven on 
Fi gure 44 . Tab le 18 shows tha t the mean re fle ctan ce for a l l  cat ego ries  
has decreased f rom the Au gus t 5 leve ls . 
The reflec tan ce o f  r ed l i gh t by small grains has decreas e d  more 
than any o ther ca teg o ry , from 1 4 . 2 4 3  p e r cent in e arly Augus t  t o  6 . 9 9 6  
per cent i n  la t e  Aug us t . Even wi th this large de crease , small g r a ins 
s t ill had the highes t mean o f any one category . The decrease in  r e­
flec tanc e i s  a t t rib uted to  the ab s o rp ti on o f  red l ight  by the a c t iv ely 
growing vege tat i on foun d  in the gr ain s tubble fie ld s . Tab l e  1 9  p o in t s  
t o  the re lationship be tween ac t ively growing vege tation and a reduc t ion 
in ref le ctan ce of  re d l ight . 
Tab le 19 . Band 5 re f l e c tance of o at s  f ield s  on Augus t 2 3 ,  19 74 . 
S i t e  Re f le ct an ce Field De s cr i p t io n  
PBlO Poins e t t  1 0  . 118% reg rowth 20 cm ;  cat tle  g r a z ing 
PBl Po ins e t t  7 . 0 08% regrowth 2 5  cm ; he avy g row th 
L 3  Lamour e 6 . 85 7 % re growth 2 5  cm 
L6 Lamour e 8 . 8 8 9 %  regrowth 20 cm ; s par s e  cover 
K3 Kranzburg 7 . 55 5% " ch isel plowe d ; s p o t t ed g rowth 
Kl O Kr anzburg 6 . 35 4% regrowth 24  cm ; b aled s tubb l e  
Vl Vienna 5 . 5 36 %  regrowth 1 6  cm ;  ex t remely d en se 
Vl 4 Vienna 9 . 2 6 8 %  s cattered wild ro s e ; 2 0  cm 
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wi th the mos t vege t a t ive cover had the lowe s t  b ands ref l e c t ance . Thi s  
i s  p r imar i ly due to  t h e  ab sorp t ion o f  the red ligh t  during t h e  photo­
synthe tic  pro ces s . 
App lying thi s  concep t to  the o ther group means help s exp lain their 
relat ive po s i t ion . Al f a l f a  wi th the lowe s t  group mean , 3 . 43 1  p e r cent 
is the greenes t and mo s t ac t ively growing cl ass o f  veg e ta t ion s tud ied . 
Ranked in t he o rder o f� increas ing r e f le ctance i s  corn , 4 . 55 9  p e r cent ; 
grass , 5 . 9 9 5  per cent ; and small grain , 6 . 9 9 6  percent . Th is order o f  
ar rang ement co rre spon ds we l l . wi th f ield ob s e rvat ions o f  vege ta t ion 
cond i t ion . Alfalfa has the highes t ref le ctan ce and small g ra in s tubb le 
fields the lowe s t .  
Fig ur es 4 5  and 4 6  d i s play the re flec tance pa t te rns f or Bands 6 and 
7 ,  respec t ively . The wide r ange in va lues indi cates the var iat ion found 
wi thin the d i f fe rent veg e t a t ive clas ses . In some cas e s , mo re d i f f er enc­
es we re foun d  wi thin a vege tative clas s than be tween ca tego r i cal  gro up 
means . When the group me ans are r anked accord ing to incr e as ing r ef le c t­
ance ,  smal l gra ins ar e lowe s t ,  f o llowed by gras s ,  corn , and a l f al f a . 
This ord er is the reve r s e  o f  the ord e r  o f  inc re as ing r e fl e c t ance for 
Band 5 .  This o ccur s because a field that refle c t s  s trongly in the in­
frared r egion would b e  a c t ive ly growing and b e  ab s or b ing r ed l ight dur: 
ing pho tosyn thes i s , thus re s ul ting in a low Band 5 re fl e c t ance . 
The import an ce o f  making ground ob serva t ions to cor r e sp ond wi th 
each LAND SAT overp as s  i s  i llus tra ted by Figure 4 7 . Knowledge tha t  these  
fi elds had b een in  o a t s at  one time dur ing the  growing s eason  would b e  
insuff i cien t t o  exp la in the reflec tance measuremen t s . Only f ie l d  ob ­
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1 2 2  
neces sary inf orma t i on . 
The order o f  en t ry o f  the d i fferent b and comb inat ions int o  the 
clas s if i ca t ion pro ces s  is g iven in Tab le 20 . Once aga in the interaction 
o f the ref le ctan ce of  in fr ared and vi s ib le ligh t p roved to b e  the mo s t 
cr itical comb inat ion in  the identif i ca tion of these ca te go r i e s  o f  veg e-
tation . Max imum a c cur a cy was achieved af te r  13  of  the p o s s ib l e  1 5  b and 
comb inations we re in corpo ra ted in to the class if ication s et . Th is , along 
with an a c cur acy o f  o nly 8 8 . 23 percent wo uld indicate tha t the re co gni-
tion of  veg e t at ion i s  mor e  d if f i cult l ate in the growing s e as on . 
Ca tego r i ca l  ac cur acies  are given in Table 21 . Bo t h  al falfa and 
gras s were iden t if ied witho u t  prob lems . But small g ra in f i e l ds wi th 
larg e amounts o f  green r eg rowth and co rn fields tha t  wer e  unus ually 
green were mis clas s if ie d  as g ras s and alfalfa . 
The d iver s i ty o f  · the d a t a  is  shown in Figure  4 8 ,  whe r e  the da ta 
are gr aphed in a two -d imensional form . Cons ide ring the amo unt of within-
group-var iat ion , it b e co me s  ev iden t why thirteen band comb ina t ions wer e 
ne ces sa ry to deve lo p an uni que s i gnature fo r each category . 
Sep temb er 2 8 , 1 9 7 4  
An early k i l l ing fr os t o n  Sep tembe r  5 ,  was the dominee ring f ac to r  
aff ec ting the spe ctral  r e f l e ctan ce o f  vegetation o n  Sep t emb e r  2 8 ,  19 74 . 
In many fields ,  fros t  d amag e was con f ined to lower lying . p o s i t ions , su ch 
as drainage ways , and co ns equen tly c aus ed refle c t anc e  p at t e rn s  to b e  · 
ex treme ly var i ab l e . 
Small gr ain fie ld s h ad the large s t range in Band 4 re f l e c t ances , 
F igure 4 9 ,  of  any o f  the ca teg o ries .  Values ranged from 1 . 6 68 pe rcen t · 
f I 
T ab l e  2 0  
VEG ETAT I ON C L�SS I F I CAT I ON 
CORN ) SMALL  G RA HL ALFALFA)  AND G RAS S 
EXOTECH DATA i . 23 AUGUST 1974 
STE P  
















COMB I NAT I ON 
S/LJ 





x 7 , 5 
x 4 ) 5 ) 6 ) 7  




x 5 ) 6 ., 7 
6 
PERCENT 
OVERALL ACCU RA CY 
73 . 52 
70 . 58 
76 . 47 
76 . 47 
82 . 35 
76 , Lt7 
82 . 35 
85 . 29  . 
85 . 29 
85 . 29 
85 . 2 9 
85 . 29 
88 . 23  
82 . 35 
I ! ;  
Tab l e  2 1  
CORN ( 12 )  
SHALL G RA i rJ C l2 )  
ALFALFA ( 6 )  
G RASS C 4 )  
CLASS I F I  CAT I Oi� ACCU RACY * 
EXOTECH DATA; 23 AUG UST 1974 
PERCEi�T CLASS I F I ED 
CORrJ SMALL G RA I N  ALFALFA G RASS 
83 . 3  0 . 0 8 . 3 8 . 3 
0 . 0  83 . 3  o . o 1 6 . 6  
0 . 0 0 . 0 100 . 0  0 . 0  
0 . 0 0 . 0 0 . 0  100 . 0  
OVERALL ACCU RACY = 88 . 23% 
* C LASS I F I ED BY STEPS 1-13 I i�CLUS I VELY 
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in a f ield tha t had b een p l owed and d i sked , t o  a high o f  1 9 . 2 9 9  p e r c en t  
from a f i eld with ca t t le  grazing on a heavy re growth s t anding  6- 7 cm 
tall . Comp ar i son o f  g ro up means for Aug us t 2 3  and S ep t embe r  2 8  shows 
an increas ed r e f le c t an ce o f  Band 4 for all ca tegor ies , Tab le 2 2 . The 
re flectance o f  g reen light , B and  4 ,  by corn was near ly 2 . 7 t imes h igh­
er on September 28 than it was on Augus t 2 3 . The gro up mean f o r  corn 
on Augus t 2 3  wa s 4 . 8 04. per cen t and on Sep temb er  2 8 ,  af ter  a kill ing 
fro s t ,  it wa s 1 2 . 8 9 3  p e r cent . Al l o ther categor ies expe rien ce d the 
s ane tr end b ut to a l e s s e r  degree . Due to the l arge amo un t o f  b ioma s s  
present i n  a co rn f ie l d , the early fro s t  had the mo s t  d r ama t i c  e f f e c ts 
on the b al an ce o f  p lan t p igmen t s  in corn . P igment al change s and 
des ic ca t ion o f  p l an t leaves are respons ib le for the trend of increas ed 
reflec tance o f  green l igh t b y  all types of  vege tat ion an d mo s t  drama t­
ically in corn . 
S ince the pho to syn the t i c  activ i ty o f  a p l an t  is indi cat ed by the 
amoun t o f  red light  i t  r e f le c t s , changes in re fle c tance o f  B and 5 s ince 
Augus t 2 3  can be  a clue to wh at  e f fe c ts fr os t had on vege ta t io n ,  Tab le 
22 . A drama ti c in cr ease by all ca tegories woul d ind ic a t e  t h a t  pho to ­
synthes i s  had nearly halted or a t  leas t had been gr e a t ly r edu ced . Corn 
exper ienced the large s t in cre as e  of  any of  the gro up s . I t  j umped from , 
a gro up mean o f 4 . 5 5 9  pe r cen t on Augus t  23 to 1 8 . 24 0  percen t  on S ep tem­
ber 28 .  This  is the highe s t  re fle ctance of any of the group me ans , 
Fig ure 50 . 
A comp ar ison of  the ref le c tance pat tern for co rn f ie l ds on July 19 
and Sep tember 2 8  r eveal the change s  that c an be  a s s o c i a ted wi th p lan t  
maturi ty , Figur e 5 1 . B and 5 had the lowe s t re flectan ce o f  any of  the 
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VEGETAT I ON REFLECTANCE 
EXOTECH DATA; B ROO K I NGS �  S . D .  
BAND 4 BAND 5 BAirn 6 BAND 7 
8-23 9-28 8-23 9-28  8-23  9-28  . 8-2 3  9-28  
4 . 80 12 . 89 4 . 55 18 . 24 19 . 19 29 . 28 31 . 04 39 . 47 
G . 13 9 . 08 6 . 99 12 . 68 - 15 . 75 20 . 15 21 . 81 2 7 . 74 
4 . 26 9 . 18 3 . 43 13 . 88 23 . 81 2 5 . 18  33 . 82 41 . 68 
5 . 67 10 . 92 5 . 99 14 . 72 20 . 09 28 . 56 29 . 05 41 . 99 
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wavebands on J uly 19 , ind i ca ting an ac t ive level  of  pho to synthes i s . 
Bu t on S ep tember 28 ,  an in cr ea s e  in refle ct an ce is as so cia t ed wi th 
increas ing wave leng th . The ne arly l inear pat te rn o f  Sep temb er 2 8 is  
very s imilar to the r e f l e c tance repo r ted by R .  M .  Hof f e r ,  ( 36 )  for  
dried corn leaves and that  of  o ak leaves repo r ted by D .  M.  Ga tes . ( 24 ) 
Thes e reference s p o in t  t o  the f ac t  that the increase in Band 5 ref lec t­
ance is d ir e c t ly t ied 
·
to the de crease in leaf mo is ture and wo uld in­
direc t ly ind i c a t e  levels  of reduced pho to synthe s i s . 
The r e f le c tance  p at terns fo r Band s 6 and 7 are g iv en on  Figures  
5 2 and 5 3 . Gro up means for  the catego ries o f  veg e t at ion are very clos e 
to one ano ther in bo th infrare d bands . The wide range in values em­
phas i zes the d ivers i t y  of the d at a  and var iab i l i ty of f ro s t  d amag e  
acro ss the flight l ine . A l l  clas ses  o f  vege t a t ion increas ed i n  in­
frared ref lec t an ce ove r  levels o f  late Augus t , Tab le 22 . Thi s  
phenomenon ,  l ike the increas e in refle ct an ce th at small  grains experi­
en ce af ter harve s t ing , is  a t t r ibuted to de cre ased p l an t  mo i s ture . 
Di f ferences in r e f le ctanc e betwe en two p lowe d s tubb le fields  are 
shown on Figur e 54 . The re flec tance p a t t erns of  the se two f ields are 
chief ly a t t ribu ted t o  s o il mo is ture condi t ions as so c iated with the 
Lamoure s oil . Th is is the pr imary factor caus ing the dep r es se d  levels � 
of ref le ct ance o f  this soil  compared to the exces s ive ly wel l-d rained 
Fordvi ll e s o i l . 
Compu ter clas s i f i cat ion of the exo te ch data by the BMD program 
ref le cted the consequences of  the v ariab i li ty and close int e rrelation­
ships among the d a t a . A maximum ove rall ac curacy o f  6 1 . 7 6 per cen t wa s 
achieved b y  the inpu t o f  f our band comb inat ions ( 7 / 5 ) ;  ( 7 / 5 ) / ( 6 / 4 ) ; 
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1 35 
l� & 6/ 5 ) , Table 2 3 . This low level o f acc uracy indic a tes tha t late in 
the growi ng s easo n is a poo r t irne to collect d at a f o r  vege t a t j  on re cog­
nit ion . This i s  p r imar i ly be cause o f  the divers ity in f i e ld cond� tions 
tha t d o  n ot n e c e s s a r i ly rel a te to the type of veg et a t i Dn that is or a t  
one time wa s g rown in the fi e ld . · 
Clo s e  rela t ionship s among the ca tegor ies are demons tra t ed by the 
graph · c a l  p lo t t in g  o f  the d a t a  on }'igure 55 . Al l f o ur types o f  vege­
t a t io n  have da a poin ts loc a t ed in the center of the graph and in such 
clos r e l a t io n s h ip to one ano the r tha t  con fu s io n among the gro ups .is 
inev table . 
Ca tegor i c a l  ac curac ie s ,  Tab l e  24 , show th a t  th e recogni t i on of 
alfal f a  and sma l l  gra in d at a  hab only a f if ty percent ch an ce o f  b e ing 
cm .. r e c t . The rema ining two ca te gor ies ,  cor n and gras s , b o th we r� iden-­
tifiecl cor r e c t ly only 75 p e r cen t  of the ti me .  These l eve l s  o f  ac cur acy 
would p r o d u ce an inventory tha t  would be un re l iable an d con tain info r­
ma ti on of  limi te d val l l e . 
�ORAL ANALY S I S  OF VEGETAT I ON 
By comb inin g the r e f J  ec  t an .... e data th a t  we re ga thercd to coinc ide 
with LANDSAT over pas s es du ing the 19 7 4  growing s e as on , a temp o r a l  
overview of the s p e c tra l clt ara�t�r i s t i cs o f  the d i fferen t typ es o f  
vege. t � t :Lon. can be con s truc ted to ob se1:ve chari ges th at o c cur red d uring 
the growing s eason � Da t a  ar e avai lab le a t  eigh te en-day in te rvals f r om 
May 25 to Au.gus t 2 3 . Data  a l s o  we re co llected on Sep tembe r 2 8 ,  wh i ch 
:i.s  th ir ty-s ix d ays a f ter th e Au g us t  2 3  ove r p as s .  
The corn d a t a  are d i s p l ay e d  iu Figure 5 6 . The percent re fl ec tanc e 
r 
I 
1 3 6  
Ta b l e  2 3  
VEGETAT I ON C LASS I F I CAT I ON 
COR1L SMA LL G RA I N ) ALFALFA) AND G RASS 
EXOTECH  DATA j 28 SEPTEMBER  1974 
I , 
STEP BAi'�D PERCEfJT  
NUMB E R  COMB I NAT I ON OVE RALL ACCU RACY 
l 7/5 47 . 05 
2 ( 7/5 ) / ( 6/4 ) L�7 I 05 
3 4 55 . 88 
4 6/5 61 . 76 
5 5 52 . 9LJ 
6 x 4 ) 5 ) 6 ) 7  58 . 82 
7 6 58 . 82 
-
8 x 5 ) 6 ) 7 58 . 82 
-
9 x 7 ) 5 61 . 76 
10 7/4 61 . 76 
11  7/6 Gl . 76 
F i gu r e  5 5  
2 . 8 5  
2 . 6 0 
2 . 3 5  
2 .  1 0  
1 .  8 5  
µ.:i 1 .  6 0  
......::i 1 .  3 5  r::Q < 1 . 1 0 
H 
0 . 8 5 P::: 
< 0 . 6 0 > 
0 . 3 5 
......::i 0 . 1 0 < 
u - 0 . 1 5  H z - 0 . 4 0 0 - 0 . 6 5 � - 0 . 9 0 u 
- 1 .  1 5  
i::::i - 1 . 4 0  z 
0 - 1 .  6 5  u 
µ.:i - 1 . 9 0  
'U) - 2 . 1 5 
- 2 . 4 0 
- 2 . 6 5 
- 2 . 9 0 
- 3 . 1 5  
- 3 .  1 5  
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F I RST CANON I CAL VARI ABLE  
4 . 3 5 5 . 5 8 
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Tab l e  2 4  
COR[� Cl2 ) 
SMALL G RA I N  C l2 )  
ALFALFA ( 6 )  
G RASS ( 4 )  
CLASS IF I CAT I ON ACCU RACY * 
EXOTECH DATA ;, 28 SEPTEMBER  1974 
PERCENT CLASS IF I ED 
CORi� SMALL G RA I N  ALFALFA G RASS 
75 . 0  16 . 7  o . o 8 . 3 
25 . 0  50 . 0  · 0 . 0 25 . 0  
0 . 0 0 . 0 50 . 0  50 . 0  
0 . 0 25 . 0 0 . 0 75 . 0  
OVERALL ACCU RACY = 61 . 76% 
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6 4 4 
5 5 4 
5-25 6-12 6- 30 7-19 8- 05 
LANDSAT OVE RPASS DATES 
1 39 
1 7 4 cm fr o s t e d 
7 BAND 7 � --
I 
I ' I  
6 BAND 6 
7 I 
I 
6 5 BAND 5 
4 BAND 4 
8-2 5  9 - 2 8  
1 4 0  
i s  given on the y-axi s , the d a t e s  o f  d a t a  col lec tion ar e l o cated on the 
lower x-axis wi th f ie l d  des crip t ions g iven along the upper x -axis . The 
incr eas e  in Band 5 r e f l e c t an ce from May 2 5  to June 1 2  is th e r e s u l t  of 
secondary t i l lage invo lve d in seedb ed prep aration and p l an t ing . The 
increase in refle c t an ce is cau sed by the removal o f  the vege ta tive 
canopy , primar ily weed s , tha t  co ve red the soil sur f ac e  on May 25 . Wi th 
the removal o f  the ve g e t at ive cover , the refle c t ive nature o f  s o il s  b e -
came the domina t in g  fo r ce d i ctat ing the level of red l igh t ref le c t ance 
of the fie ld . The tren d  of de creas ing levels of Band 5 r e f l e ctanc e from 
June 12 to July 19 c o r re sponds to the t ime of max imum g row th by corn 
plants . Plan t  ma tur i ty an d its  a s s o ciated de creas ed pho to s yn the t i c  
ac t iv i ty is re s pons ib le for  the increase in Band 5 ref le ctan ce from 
July 19 to Augus t 23 . P lant de ath due to fros t d amage has caus ed th e 
dramatic inc re a s e  in the reflectance o f  al l bands . The incr eas e in 
Band 4 is due t o  the in fl uence o f  xanthophyll and c aro t ene and in Band 
5 is due to the red u c t ion of  red li ght ab sorpt ion during pho t o s yn thes is . 
The genera l t rend o f  in creased infrared re fle ctan ce , B ands 6 and 
7 ,  from plan ting to Augus t  5 is assoc ia ted wi th the t ime o f  maximum in-
crease in ve ge t a t ive bioma s s .  Af ter tas seling ,  ar oun d th e f i rs t of 
Augus t ,  the field exp e r ien ced a de crease in re flec t ance . Th is  trend 
was rever sed af t er the kil l ing f r o s t  of ear ly Sep temb e r . An increas e in 
intr aleave ai r  sp a ce s  h as caus ed an inc reas e in the numb e r  of reflec t-
ive inter faces wh i ch ar e the inf rared re fl e ct ing me chani sm o f  the plant 
leaf . 
The da ta in Fig ure 5 7  is  displayed to show the r ela t ionship o f  
ref lec tance fo r a s ing le b and to  o ther bands on the s ame date  and how 
I 
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the ref le ctance o f  a s ingle band changes during the growing s eason . 
Data from May 2 5  is at the l owe s t  level of  re fle ctance fo r all 
band s tha t  o c curred dur ing the t ime span of data colle ct ion . The da ta 
pr oduces  a pa t tern that resemb les very clos ely .that of  so i l  alone . ( 8 ) 
A gene ral tr end fo r B ands 4 ,  6 ,  and 7 ,  thro ughout the g rowing s eason 
is one of incre as ed re flec tan ce wi th increased plan t  age an d ma tur i ty . 
Band 5 follows mo s t  clo s ely the es tima ted levels o f  pho to synthe s i s . 
The lowe s t r ef l e c t ance o c curs dur ing max imum pho tosyn the s i s . 
A tempora l  ove rview o f  the small gr ain dat a ,  Fig ure 5 8 , resemb l es 
that of  the co rn d a t a  b ut requires a sho rte r pe riod of  t ime to complete  
its ma tura t ion proces s .  The s pe c t ra l  d ata re flec ts  the sho rter t ime 
required for comp l e ti on of the growth cy cle fo r small g ra in s . The d a t a  
then beg ins to s how the in fluence of se con dary regrowth tha t take s p lace  
af ter the harves t ing of  the small grain . 
Band 4 data  h ad a s teady increas e in ref lectance th ro ughout the 
growing seas on , wi th the lowe s t  leve l oc curr ing on May 25 and the 
highe s t  on Sep temb e r  2 8 . 
Levels o f  pho t o synthesis  caused the refle ctance o f  B and 5 to vary 
d ur ing the growing s eason . A de creas ing t rend from May t o  June i s  
as so ciated wi th t h e  t ime o f  p l an t  development and heading . Plan t  
des iccat ion and ha rves ting i s  r es p ons ible for the rap id incr eas e in 
reflec tance f rom l a t e  June to e arly Augus t .  The ab sorp t io n  of red 
light du ring pho to s yn thes is by se cond ary regrowth i s  r es p ons ib le for 
the d ecrea s e in  ref le ctance from Augus t 5 to Augus t 2 3 . Th e reo c curr ence 
of increased ref l e c t ance on Se p temb e r  28 is the resu l t  of dea th to the 
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Sep tember . 
The up and down p a t tern o f  b o th Bands 6 and 7 are r e f l ec t ing 
h:anges in vegetative b ioma ss  that o c cur d uring the growing s easo n .  
The data from May 2 5  thro ug h  Augus t 5 i s  that o f  the small grain c r op .  
The data for the r ema inder o f  the season a re reflec t ing the grow th 
patterns of the se con dary regrowth . The 15 per cent incre as e in 
refle ctan ce f rom May 25 to June.. 12 is  due to  in creas e in p l an t he igh t 
from 8 cm in la te May to  4 0  cm in ear ly June . The decr eas ing t r end 
through June and in to mi d-July i s  as soc ia ted wi th heading and the lo s s  
o f  leaves dur ing the ma tur at ion p ro ces s . A mat of  plant res id ue cov-
ering the so il sur f ac e  an d s e con dary r egrowth are the ref lec t ing 
mechanisms that are r e s p ons ib le f o r  th e itrcrease in re flec tance af t e r  
harv.es t ing of  th e sma ll g rain c rop . 
The tempo ral d a ta f rom a l f a l f a  f i elds reflect  mor e  s tr ongly the 
ef fe ct s of cul tur al manipulat ions than seas onal trends . The group 
means in Figure 5 9  ar e  o f  limited value b e cause  of the d ivers i ty of  
the data wi th in the data se t .  S ince the refle c t ance o f  infrar ed l ig h t  
is as so ci a ted i h h i f ha rap  s t ro ng -w t vege ta t ive b i oma s s , arve s t  n g  o a Y c 
ly inf luences the re f le c t an ce l eve ls of  Band s 6 and 7 .  The d ro p  in 
refle c tance in Band 7 f rom 40  per cen t on June 1 2  to  26 p e r cen t on June 
30 . 1 5 the resu lt o f  h arve s t ing the f irs t cut ting o f  alfalfa .  Th e 
general incre as in g  trend fo r the remainder o f  the growing s eason wo uld  
indi t f ca e poor growing condi t ions that prevented the harves t ing 0 a 
second cu tt ing o f  alf alf a . Due to so il mo is ture and management d i f -
feren h ces , cer tain f iel ds y i e l ded two cut t ing s of  a] f al fa wh i le o t  er 
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Figure 9 to b e  a ty p i cal o f  any one f ield . A more typ i c al r e f le ct ance 
pat tern for a well-managed alfalfa f ie l d  grown on a s il ty up land s o i l  
i s  given on Figur e  6 0 . T h e  sharp de cr�as es  i n  re fle c t an ce o f  B and  7 
on June 1 2  and July 1 9  are as s oc iated with harve s t ing while  the higher 
levels o f  r e f le c t an ce are per iods  o f  regrowth . 
Us ing group means fo r the co rn dat a ,  the ratio  o f  B and 4 d ivided 
by B and 7 wa s de termine d fo r the dates  of dat a colle c t ion . The theo ry 
behind the use of this r a t io as an indi cator of the amoun t  of veg e t a-
tive b iomass  cove ring the s o il surface was presen te d  by Kr i s t o f  ( 4 0) 
who s ta tes that s in ce b are . s oil  ab sorb s l i t tle energy in  the v i s ible  
and more in the  infrare d reg ions o f  the  elect romagnet ic s pe c t rum ,  the  
highes t r at io va l ues  wi ll be ob tained wh en there are minimum amoun ts 
of vegetation presen t  in  a fiel d . As the ve getat ive b ioma s s  in c reas es , 
the ra tio values will  b ecome le s s . The data in Fig ure 6 1  fo l lows thi s  
line o f  thought . The increas e  from 0 . 4 2 9  o n  May 2 5  t o  0 . 5 1 9· on  June 1 2  
i s  due t o  the d e c r e as e  o f  vege tat ion present , mo s t ly weed s , from May 
25 to June 1 2 . By June 1 2  all f ields had been plan t ed and con tained 
mos tly co rn p lan t s  th at were qu ite small and masked ve ry l i t tle o f  the 
so il sur f ace . Thus , the June 12 r a t io is primari ly tha t o f  the s o i l  
with very l i t tle influen ce by the c orn p lant s . T h e  shar p  d e crease  f ro� 
0 . 51 9 on June 1 2  to 0 . 1 19 on July 1 9  co rre spond s to the t ime o f  maximum 
increas e in vegetat ion . The upwar d trend fo r the remainde r o f  the 
se ason is  due to  the de s i ccation of the p lant prior to harves t ing . 
The order  tha t  the b and comb ina t ions we re entered into the clas s i-
fication pro ce s s  var ied during the growing seas on , T ab le 25 . The im-
por tance o f in clud in g  d a t a  f rom bo th the vis ib le and near infrare d  
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V EG ETAT i o r� C LASS I F I CAT I ON 
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STEP NUMBER 5-25 6-12 G-30 7-19 8-05 8-2 3  9-28 
. 
1 6 6 3 1 1 0  6 5 
2 1 2  4 1 2  1 3  1 1 5  1 5  
3 3 9 6 1 2  7 2 1 
4 1 3  1 1  6 2 1 1 0  
s 1 8 5 1 5  1 0  
6 1 2  4 1 5  8 7 
7 7 1 0  4 s 1 1  
8 1 1 1  1 1  1 4  
9 2 3 1 2  
1 0  1 5  9 5 
1 1  5 7 9 
1 2  9 1 4  8 
1 3  1 1  1 3  
1 4 8 
BAND BAND BAND 
C O D E  COMB I NAT I ON CODE - COMB I NAT I ON CODE  C OM B I NAT I ON 
1 4 6 6 /  4 1 1  7 , 5  
2 5 7 5 / 4 1 2  4 , 6  
3 6 8 7 / 6 1 3  7 ,  5 ,  6 
4 7 9 7 / 4 1 4  7 , 6 , 5 , 4 
s 7 / 5  1 0  6 / 5 1 5  ( 7 / 5 ) / ( 6 / 4 )  
1 5 0  
reg ion o f  the e l e c t romagne t i c  spe ctrum is emphas i ze d  b y  the f a c t  that 
on f ive out o f  the s even d ates , the f ir s t  b and comb ination cont ained 
data f rom b o th p o r t ions of the s p e c t rum . In b oth of the s e  cas es a 
sing le band was the in i t ia l  select ion ; the se cond b and ente red d id 
comb ine the s e  two s pe c tr al cl as se s . The rat io o f  B and 6 d iv ided b y  
Band 4 was the mo s t  f requen t  band comb ina tion t o  be an ini t ial entry . 
The ac cura cy o f  clas s ifying the s ame fields at  dif f er en t  t imes 
dur ing the growing s ea son is shown on Figure 6 2 .  The h i ghe s t  leve l o f  
accur acy wa s  a chieved on June 30 ,  9 7% .  I t  would seem th a t  June 30 
wo uld be the op timum d a te f or the veg e tation inven t or i e s  of B rookings 
County in 1 9 7 4 . The a ccuracy of clas s i ficat ion de creas ed thr o ug hout 
the rema inder of the growing seas on . The poo res t r e co g ni t ion ob tained 
during the s eas on , 6 1 % , was by the u s e  of  Sep tember 28 d a t a -. Be s ides 
the accuracy o f  clas s i f icat i on ,  one mus t  cons ide r the s tage in the  l i f e  
cycle o f  the veg e t a t ion . Data t aken too ear ly i n  the g rowing se ason 
are o f  l i t tle va lue e x cep t for p reliminary e s tima tes and , on  the o ther 
extreme , <l a t.a co l le c ted af ter the cro p has been harve s t ed i s  also o f  
ques t ionab le va l ue . June 30 comb ines bo th good accur acy p lus the f ac t 
tha t all crops are a c t ively grow ing in the f ie ld . 
A co r re la t i on s t udy was pe� formed on June 1 4 , 19 74 ,  t o  dete rmine 
to what degree , i f  a ny , exo tech da ta would correl ate wi th f i lm dens i t y  
of aer ial pho to g raphy . B l a ck and wh i te film wi th a r ed f i l ter , t radi ­
tionally used b y  s urveyo r s , was sele cted as  the f i lm-f i l t e r  comb ination 
to be  inve s tiga ted . The corre l a t i on coef f i cients b e tween f ilm d ens i ty ,  
derived b y  a s p o t  dens i tome te r ,  an d exo tech rad iome ter d a t a  exp r e s s ed 
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COR RELAT I ON COEFF I C I ENTS FOR F I U.1 DENS I T I ESl OF SEVE RAL 
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EXOTECH F I LM DENS I T I ES FOR 










SMALL GRA I N 
0 . 1 78 
0 . 092 
- 0 . 199 
-0 . 086 
-0 . 108 
-0 . 3 53 
-0 . 098 
-0 . 637* 
-0 . 259 
CORrJ 
-
0 . 647* 
0 . 62 6* 
0 . 566 
0 . 465 
.. 
0 . 567 
-0 . 292 
0 . 190 
-0 . 283 
0 . 410 
1 
= BL�CK AND WH ITE  F I U�1 W I TH RED F I LTER 
* = S I G N I F I CANT AT THE . 05 LEVE L 
** = S I GN I F I CANT AT THE . 01 LEVEL 
G RASS 
0 . 766 
' 
0 . 644 
-0 I 8Lt9* 
- 0 . 868* 
-0 . 877* 
-0 . 758 
-0 . 833 * 
-0 . 828* 
-0 . 848* 
ALL C ROPS 
0 ,  L1 67* * 
0 . 555* * 
-0 . 649* *  
-0 . 651 * *  
-0 . 560 ** 
- 0 . 713 **  
-0 . 712 ** 
- 0 . 750 **  
-0 . 722 **  
t-J Vl N 
15 3 
The r a t i o  o f  B and 6 d ivided by B an d  4 was the only b an d  comb ina­
t ion that co rre l a ted s igni f i ca n t ly wi th the f i lm d en s i t y  of smal l grain 
f ields . It  co r re l a te d  ne g at ive ly a t  the . 05 leve l  o f  c o n f i d en ce . When 
b and 4 and 6 were con s idered s ep a r a t e l y , ne i ther c o rrela ted s ig ni f i cant­
ly ; but whe n r a t io ed , they p ro duced a value t h a t  d id co r r e l a te s ig n i f i ­
can tly . 
D a t a  f rom t h e  v i s ib le po r t io n  of the e l e c t romagne t i c  s p e c tr um ,  
Bands 4 and 5 ,  wer e  the o n l y  b and comb in a t i on s  t h a t  co rrel ated s i gni­
f ican tly whe n  the corn d a ta were analy ze d . B o th b an ds c o r r e l a t ed a t  
the . 05 l eve l o f  con f idence . Ne ither o f  the n e ar inf r a r ed b an d s  co r ­
rela ted s ig n if i can tly . The large amoun t of exp o s e d  so i l  p re se n t  in 
corn f i e ld s  on th i s  d a te p lus the sma l l  amount of vege t a tive b ioma s s  
pres ent i n  t h e  f i e ld s  w ould y ie l d  a low lev e l  o f  in f r ar e d  r e f le c tan ce . 
This sma l l  amount of r e f le c t e d  l i gh t  wo uld b e  subj e c t  t o  atmo s ph e r i c  
int er feren ce wh i ch co uld b e  re s p ons ib le for t h e  p oor c o r r e l a t ion t h a t  
exi s ted b e tween t h e  f i lm dens i ty o f  aer ial pho tography o f  co rn f iel ds 
and any r ad iome t e r  b and comb ina t ion th a t  inc luded data f rom the ne ar 
infrared bands . 
When the g r a s s  d a t a  were analyzed , nearly the oppo s i t e s i t u a tio n 
exis t s as wi th the co rn d at a . All b and comb inat ion s excep t B and s 4 and 
5 , and the r a t i o  of Band 7 d iv ided by B and 5 co rrel a ted s i gni f i c an t ly 
a t the . 05 l eve l o f  con f iden ce . Thi s  wo ul d t end to s up po r t  t he h yp o ­
thes is th a t  th e  b ands w i th the l owe s t  level o f  ref l e c t an ce h ave the 
po or es t  corre la t ion ; The co rn dat a for Bands 6 and 7 were a t  the low­
es t level o f  r e f le c tan ce o f  any o f  th e c a t e gories and they f a i led t o  
corre la te s ign i f i ca n t ly . The same s i tua t ion o c curred f o r  gr as s d a t a  
' 1  
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b ut for B ands 4 and 5 .  
All b an d  c omb ina t i ons corr e l a te d  s ignif ican t ly a t  the . 01 l evel 
of con f i denc e when t he data for all vege t a t ive g ro up s  wer e comb in ed . 
The d a t a  f rom the g ro up th a t  co rrel ated s igni f i c an t l y  mus t h ave h ad a 
domina ting e f f e c t  ove r  the d a t a  fro m the o ther c at e g o r ies t h a t  d i d  no t 
correl a t e  s i gn i f i c an t ly mus t have ha d a domina ting e f f e c t  ove r the 
data from the o th er c a te g o r i e s  th at d i d  no t corre l a t e  s ig ni f i c an t ly 
by thems e lv e s . In a l l  ca s e s  when the catego r i e s  wer e  cons i de red 
separ a t ely , no b and comb in a t i o n  was fo und · to co r rela t e  h i gher than a t  
the . 05 lev e l  o f  con f idence . However ,  when the da ta from a ll ca tego r i es 
were comb ined and cons ide red j o in t ly , al l band comb in a t ions corr ela t ed 
signi f ican t ly a t  the . 0 1  level o f  co nfiden ce . This i n c lude s the r a t io 
o f Band 7 an d B and 5 wh i ch d id no t correlat e s igni f ic an t l y  f o r  any o f  
�e ca tego r i e s  wh en they were an aly zed separ a tely . 
Con t inuing a lo ng th i s  s ame l ine , the ext ent o f  co r re l at i on wa s 
de termined b e tween Exo t e ch r ad iome ter d a t a and LANDSAT d a t a  tha t we re 
col le c ted on June 30 , 1 9 7 4 . An average value fo r ea ch of the LAND SAT 
waveb an ds was d e termined f rom the compu te r comp a t ib le tap e s  o f  LANDSAT 
fo r ea ch of the f i e l d s  f rom wh i ch exo te ch data had b een co l le c t e d . 
Correla t i on co e f f i cien t s  f o r  the small g r ain d a t a  a r e  g iven in T ab le 2 7�. 
Correl at ion co e f f i c ien ts fo r bo th wi thin sys tem co rr e l a t io ns and b e ­
tween sys tems co r r e l a t i ons are g iven in T ab le 2 7 . T h e  comp ar i s on o f  
the same waveb an d b e tween the tw o sy s tems is und e r l ined and f o rms a 
di ago nal l ine when a l l fo ur waveb ands a re cons id e red . 
As wa s t he c a s e  w i th f i lm dens i ty an d the Exo te ch da t a ,  no s i gni­
f i cant corre l a t ion was f o und to ex is t b e tween Exo t e ch and LAND SAT 











CORRELAT I ON COEFF I C I ENTS BETWEEN EXOTECH  
AND  COM PUTE R COMPAT I B LE TAPES C CCT ) 
SMALL G RA I N  DATA ; 30 J UNE 1974 
LANDSAT WAVEBANDS 
4 5 6 7 
4 1 . 000* *  0 . 939**  -0 . 434 -0 . 504*  
� 5 0 . 939**  1 .  000**  -0 . 626 -0 . 666* *  
z 
� 6 -0 . 434 - 0 . 626**  1 .  000** 0 . 987**  
7 - 0 . 504* - 0 . 663 ** 0 . 9 87** 1 . 0 0 0 * *  
4 0 . 009 -0 . 080 0 . 390 0 . 3 81 
(/) 5 0 . 065 -0 . 002 0 . 312 0 . 291 � 
z � 6 - 0 . 2 61 -0 . 191 - 0 . 079 0 . 123 
7 - 0 . 194 - 0 . 126 -0 . 073 0 . 115  
* s r G rn F 1 CANT AT . os LEVE L �H TH  14/o . F .  (> I '�·97)  
**  S I G IH F I CAi�T AT  . 01 LEVEL W I TH lli/o . F . (> I 623 ) 
1 5 6  
wavebands whe n  t h e  sma l l  g r a in d a t a  wer e  analy zed . S i g n i f i cant c o r ­
r e l a t ions among t h e  LANDSAT waveb and s w e r e  foun d t o  ex i s t .  B and 5 
corr e l a ted p o s i t iv e l y  w i t h  B an d  4 at the . 01 l evel o f  c o nf i denc e .  B and 
7 corre l a te d  nega t iv e l y  wi th B and 4 at the . 05 l eve l of con f iden ce . 
Al l LANDSAT wav e b ands c o r re l a t e d  a t  the . 0 1 leve l o f  con f id en ce w i th 
Band 5 ,  B and 4 p o s i t ively and Bands 6 and 7 nega t ivel y . B and 7 cor­
rela ted p o s i t iv e ly a t  
·
the . 01 level o f  conf i dence wi th B and 6 .  When 
Band 7 was c o n s i de r e d , B an d  6 c o r r e l a ted po s i t iv el y  at the . 01 l ev e l  
of conf idence , Band 5 c o r re l a ted neg a t ively a t  t h e  . 01 l ev e l  o f  con­
fidence , an d Band 4 at the . 05 lev e l  of co n f idence . 
B e t te r  co r r e l a t io n  among LANDSAT d a t a  and Exo t e ch d a t a  was f o un d  
t o  exis t when the c o rn d a t a  we re analy z ed , Tab le 2 8 . B an d  4 d a t a  fr om 
the Exo t e c h  r ad iome ter co r re l a t e d  a t  the . 0 1 l eve l o f  con fi den ce with 
Band 4 d a ta f r om LAN D S AT . LANDSAT waveb ands 5 and 6 a l s o  corre l a t e d  
po s i tively wi th LAND SAT B and 4 .  B and 5 co r re l a t e d  a t  the . 01 level o f  
conf idenc e and Band 6 a t  the . 05 l eve l o f  con f idence . 
LANDSAT an d E xo te ch data fo r Band 5 co rr el a t e d  s ign i f i c an t ly a t  
the . 01 lev e l  o f  conf iden ce . Within-sy s t em correla t i on s  were f o und to 
ex is t b e tween LAND S AT B an ds 4 and 5 .  B and 4 c o rr e la t e d  s igni f i can t ly 
at the . 01 l eve l o f  co n f i denc e . 
S igni f i can t  c or r e l a t i on b e tween LANDSAT B and 6 and Exo t e ch B an d  6 
was fo und t o  exis t a t  the . 05 level o f  con f i den ce . B and s  4 and 5 f r om 
th e Exo tech d a t a  a l s o  co rrel a t e d  p o s i t ively with LAND SAT B and 6 a t  the 
. OS lev el o f  c o n f idenc e . LANDSAT B an ds 4 and 7 cor r e l a t e d  s ig n i f i c an t -
ly a t  the . 05 l eve l w i th LAND SAT B an d  6 .  
No s ign i f i c an t co r r e l a t ion wa s f o und to exi s t among LAND
SAT and 
1 5 7  
T ab l e  2 8  
CO RRE LAT I ON COEFF I C I ENTS B ETWEEN EXOTECH  
AND COMP U TE R  COMPAT I B LE TAPES C CCT)  
CORN DATA; 30 J U NE 1974 
I 
1 1 
.. LANDSAT WAVEBANDS 
4 5 6 7 
4 1 . 000* *  0 . 954 * *  0 . 655 **  0 . 518 
C/) 5 0 . 9 54 ** 1 . 000** 0 . 521 0 . 368 I- r::::i u � "-u < 
6 0 . 655* 0 . 521 1 . 000* * 0 . 983 * *  r.:x:i 
7 0 . 51 8 0 .  3'68 0 . 9 82 * *  1 .  000 * *  I 
I '· I 
4 0 . 779 * *  0 . 815 ** 0 . 599 * 0 . 507 
:J:: 
u C/) 5 0 . 759 * *  0 . 79 7** 0 . 575* 0 . 486 I i LLJ r� I I- - �  0 � 6 0 . 490  0 . 496 0 . 533* o .  515 . ,,,. � .,. ,  lL.J 
7 0 . 492 0 . 518 0 . 455 0 . 42 3 
* S I G N I F I CANT AT . 05 LEVEL W I TH 10/n . F .  (> I 576 ) 
** S I GN I F I CANT  AT . 01 LEVE L W I TH 10/n . F . ( > , 708 ) 
Exo tech data f o r  B an d  7 .  LANDSAT Band 6 ' co rrela ted po s i t ively w i th 
LANDSAT Band 7 a t  the . 01 level o f  con f iden ce . 
1 5 8  
When the da ta from co rn ,  sma ll grain , and al fal f a  fie l d s  were 
comb ined and cons idered j o intly , s igni f i cant correla t i on among Exo t e ch 
and LANDSAT da t a  wa s fo un d  to ex i s t  for three o f  the four waveb ands ,  
Table 29 . 
Band 4 from the Exo t e ch data did n o t  correla t e  s ignif i can tly wi th 
LAND SAT Band 4 ,  but Exo te ch Band 5 d id correlate s ignif i cantly a t  the 
. 05 level o f  conf id ence wi th LANDSAT Band 4 .  Band 5 from two s o u r ces  
of  data d id corre l a te s igni f i c an t ly a t  the . 05 level o f  con f iden ce . 
Band 6 from the Exo t e ch data al so correlated s ignif i cantly at  t he . 0 5 
level of  conf id ence w i th LAND SAT Band 5 .  
Exo te ch data from Ban d  6 c o rrelated s i gni f i can tly at the . 01 level 
of con f idence wi th d ata from the s ame spec tral region col l e c ted by  LAND­
SAT . Exo te ch Ba nds 4 and 7 al s o  correlated s igni f i c an t ly at the . 0 1 
level of  conf iden ce wi th LANDSAT Band 6 .  
Band 7 from Exo t ech co rrela ted s ign if ican t ly wi th Band 7 from 
LANDSAT .  Bo th Exo te ch B and s 6 and 7 correlated s igni f i can tly a t  the 
. 01 l evel of con f iden ce with data from LAND SAT Band 7 . B and 4 co rre­
lated a t  the . 0 5 l ev e l  with Band 7 from LANDSAT . 
S in ce Exo tech r ad iome ter d ata were collected from 10 : 3 0 a . m .  to  
3 : 30 p .m . cen tral  day l ight t ime ,  the  e ffect  o f  sun angle on th e data 
needed to be d e t ermined . Re flectance data co lle cted from 10 : 1 5  a . m .  
to 3 : 00 p . m . cen tr al dayl igh t time on July 14 , 1 9 7 5 , for a fallow and 
b arley f iel d we re ave rag ed and a mean percen t re fle c t ance fo r e a ch 
f ie ld was de t ermined . The deviat ion from the mean for each reading 
T a b l e  2 9  
CO RRE LAT I ON COEFF I C I ENTS BETWEEN EXOTE CH 
Aim COMPUTER COMPAT I B LE TAPES C CCT ) 
COMB I �ED C RO P  DATA; 30 J U NE 1974 
LANDSAT WAVEBArms 
lJ. 5 6 7 I 
4 1 . 000 * *  0 . 885**  0 . 050 · - O . OL�2 
(./) 
5 0 . 885 * *  1 .  ODO ** - 0 . 289 -0 . 378* I- � u -=-
u c:::C 
6 0 . 050 1 . 000 * *  0 . 9 89 **  CQ - 0 . 289 
7 - 0 . 042 -0 . 373 *  0 . 989 **  1 . 000* * 
4 0 . 275  0 . 202 0 . 418 **  0 . 3 85* 
::c 
u (./) ,- 0 . 351* 0 I 3L i7* 0 . 254 0 . 22 1  w � :J I- z 
0 < 6 0 . 070 0 . 34 7* 0 . 669 * *  0 . 686 * *  >< CQ w 
7 0 . 079  - 0 . 287 0 . 648* *  0 . 673* *  
* S I G N I F I CA�T AT . 05 LEVEL W I TH 42/n , F . (> I 30ln 
* * S I G N I F I CANT AT . 01 LEVE L W I TH  42/o . F .  (> , 393 ) 
1 60 
is given on Figures 6 3  thro ugh 6 6  f or the fallow f ield  an d Figur e s  6 7  
through 7 0  for the  b ar ley f ield . A sununa ry of the dat a  i s  g iven on 
Tab le 30 . There was no p ar t i cular sun angle s tud ied that had a s t rong­
er effect  on the rad iometer read ing s  than o the r s un angl es . The mean 
per cen t devia t i on fo r b o th f i e l ds increased as the waveleng th measured 
increas ed . The b ar ley f i eld cons i s ten tly had larger mean deviat ions 
from the mean th an d i d  the fal low field . Thi s  could be due to  the 
fac t tha t the b a r ley f ie ld had h i gher levels of  re fle c t an ce than d id 
the fallow f i e l d  in all  wavebands . Al s o the b arley was 9 0  cm tall and 
bending in the s tr ong winds that were b lowing dur ing the dur a t ion of  
the s tudy . Thi s  may have caus ed some variation in  the  vege t a t ive cover 
that was being mon i tored . Band 7 fo r the barley f ie l d  h ad a 1 0 . 2 7 per­
cent me an devia tion from the average . This wa s the mos t devi at ion for 
any category o r  any band . The maximum deviation in perc e n t  refle c t an ce 
was 2 . 34 per cent for Band 6 o f  the barley f ield . The read ing s fo r the 
fallow f ields could be exp e c ted to  vary ab out one pe rcen t age point due 
to s un angle . This  seems sma l l  enough to al low the comp ar i s on of  data 
taken with in th i s  t ime range . 
LANDSAT d at a ;  Apr il  1 9 , 19 74 
LAND SAT d a t a  f rom Apr i l  19 , 1 9 74 . were analyzed f i rs t to as s e s s  
the condi t ion o f  so i ls and vege tat ion i n  Bro okings County earl y i n  the 
growing s eas on and s e c ondly to de termine wh at typ e o f  informat ion could 
b e g ained from LAND SAT d a t a  co l le cted ear ly in the s p ring that would 
help in  the p r ep ara t ion o f  p rel iminary veg e tation e s tima t es .  
Vis ual interp r e t ation of  a B and 5 ne gative prin t  enlarge d  t o  the 
F igu r e  6 3  
� 8 
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EFFECT OF SUN ANG LE ON EXOTECH DATA 
FALLOW F I ELD ; 14 J U LY 1975 




T I ME 10 : 00 30  11 : 00 30  12 : 00 30  1 : 00 3 0  
SUN ANG LE 55 . 0 ° 58 . 5° 
MEAN DEV I AT I ON = 3 . 19% 
MEAN REFLECTANCE = 3 . 06% 
- -
62 . 5° 63 . 5° 65 . 0 ° 63 . 5° 62 . 5 ° 58 . 5° 
2 : 00 30 
55 . 0 ° 50 . 0 ° 
3 : 00 
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EFFECT OF SUN ANG LE ON EXOTECH DATA 
FALLOW F I ELD ;  14  J U LY 1975  
BAND 5 (0 . 6-0 . 7 UM) 
• • 
T I ME 10 : 00 30  11 : 00 30  12 : 00 30  1 : 00 30  2 : 00 30  3 : 00 
SUN  ANG LE 55 . 0 ° 58 . 5° 62 . 5° 63 . 5 ° 65 . 0 ° 63 . 5 ° 62 . 5 ° 58 . 5 ° 55 . 0 ° 50 . 0 ° 4 5 . 5 °  
MEAN DEV I AT I ON = 3 . 26% 
MEAN REF LECTANCE = 3 . 34% 
� 
'O" N 
Figu re 6 5  
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EFFECT OF SUN ANG LE ON EXOTECH DATA 
FALLOW F I ELD ; 14  J U LY 1 975 




..____ ____________________ _ 
T IME 10 : 00 30  11 : 00 30 12 : 00 30  1 : 00 30  2 : 00 30  3 : 00 
SU N ANG LE 55 . 0° 58 . 5° 62 . 5 ° 63 . 5° 65 . 0 ° 63 . 5° 62 . 5° 58 . 5 ° 55 . 0 ° 50 . 0 ° 45 . 5 ° 
MEAN DEV IAT ION = 5 . 26% 




F igu re 6 6  EFFECT O F  SUN ANG LE ON EXOTEC H DATA 
FALLOW F I ELD ;  14 J U LY 1975 
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T I ME 10 : 00 30 11 : 00 30 12 : 00 30  1 : 00 3 0  2 : 00 30 3 : 00 
SUN ANGLE 55 . 0° 58 . 5° 62 . 5° 53 . 5° 65 . 0 ° 63 . 5 ° 62 . 5° 58 . 5 ° 55 . 0 ° 50 . 0 ° 45 . 5 °  
MEAN DEV I AT I ON = 6 . 49% 
MEAN REF LECTANCE = 6 . 66% 
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EFFECT OF SUN ANG LE ON EXOTECH DATA 
BAR LEY F I ELD j  1 4  J U LY 1975 
BAND 4 ( 0 . 5-0 . 6 UM ) 
• • 
o����������������������� 
T I ME 10 : 00 30 11 : 00 30 12 : 00 30 1 : 00 30  2 : 00 3 0  3 : 00 
. . 
SU N ANG LE 55 . 0° 58 . 5° 62 . 5° 63 . 5 ° 65 . 0 ° 63 . 5° 62 . 5° 58 . 5 ° 55 . 0 ° 50 . 0 ° 45 . 5 ° 
MEAN D EV I AT I ON = 6 . 24% 
·MEAN REF LECTANCE = 6 . 61% 
...... 
°' V"I 
Figu r e  6 8  
:z: 1 6  
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EFFECT O F  SUN ANGLE ON EXOTECH DATA 
BAR LEY F I ELD ;  14 J U LY 1975 
BAND 5 ( 0 . 6-0 . 7 UM) 
• 
• 
.____ ______________________ _ 
T I ME 1 0 : 00 30  11 : 00 30 12 : 00 30  1 : 00 3 0  2 : 00 30  3 : 00 
SUN ANG LE 55 . 0°  58 . 5° 62 . 5° 63 . 5° 65 . 0 ° 63 . 5° 62 . 5° 58 . 5° 55 . 0 ° 50 . 0 ° 4 5 . 5 °  
. . 
MEAN D EV I AT I ON = 8 . 86% 
MEAN REFLECTANCE = 6 . 61% 
� 
°' °' 
F i gu re 6 9  






z: 10 0 
-
I- 8 c:::r: 
t---4 
[:j 6 
EFFECT OF SUN ANG LE ON EXOTECH DATA 
BAR LEY F I ELD ;  14 J U LY 1975 
BAND 6 ( 0 . 7- 0 . 8  UM) 
: 4 1 • • :2:: 
w � 2 
g: o I e 
T IME 1 0 : 00 30  11 : 00 30  12 : 00 3 0  1 : 00 3 0  2 : 00 30  3 : 00 
SUN ANG LE 55 . 0 ° 58 . 5° 62 . 5° 63 . 5 ° 65 . 0° 63 . 5° - 62 . 5° 58 . 5 ° 55 . 0 ° 50 . 0 ° 45 . 5 ° 
MEAN DEV IAT I ON = 8 . 11% 
MEAN REFLECTAN CE = 18 . 99% 
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EFFECT OF SUN ANGLE ON EXOTECH DATA 
BAR LEY F I ELD ;  14 JU LY 1975 -





T I ME 10 : 00 30  11 : 00 3 0  12 : 00 30  1 : 00 30 2 : 00 30  3 : 00 
SU N ANGLE 55 . 0° 58 . 5° 62 . 5° 63 . 5° 65 . 0 ° 63 . 5 ° 62 . 5 ° 58 . 5° 55 . 0 ° 50 . 0 ° 45 . 5 ° 
MEAN DEV I AT I ON = 10 . 27% 












EFFECT OF SUN ANG LE ON EXOTEC H DATA 
· 14 J U LY 1975 
MEAN 
PERCENT REF LECTANCE PERCENT D EV I AT I ON 
FALLOW BARLEY FALLOW BARLEY 
3 . 06 6 . 61 3 . 19 6 . 24 
r 
3 . 34 6 . 61 3 . 26 8 . 86 
5 . 74 18 . 99 5 . 26 8 . 11 
6 . 66 21 . 89 6 . 49 10 . 27 
. 
DEV I AT I ON I N  
PERCENT REFLECTANCE * 
'FALLOW BARLEY 
0 . 95 1 . 05 
1 . 02 0 . 74 
1 . 09 2 . 34 
1 . 02 2 . 13 
* = DEV I AT I ON I N  PERCENT REFLECTANCE = MEAN PERCENT REFLECTANCE  





1 7 0  
s cale o f  1 : 5 00 , 0 00 ,  Figure 7 1 ,  was per fo rmed f i r s t .  The areas o f  
highes t r ed light abso rp t ion , wh i ch i s  as soc i ated wi th h igh levels o f  
pho to synthe s i s , were the darke s t  tone s on the print . The mo s t  pro­
noun ced areas had a l ine ar shape and a dendr i ti c  p a t tern . When a so i l  
as so ciation map w a s  ove rlayed upon t h e  pr int , th�se are as co rresponde d 
well to the narrow drainageways of the Lamoure  s o il in the up lan ds . 
The broader ar eas o f  the L amoure as so ciation were predominately l i ght­
er in tone than the previou s ly des c ribed ar eas . The s e  fla t ,  b ro ad 
areas are cropped , and f al l  t i ll age is  ne ces s ary b e cau s e  o f the high 
mo is ture cont en t  o f  the s o i l  in the spr ing of the year . The s e  fa ll 
plowed f ie lds thus r e flected  mo re red ligh t than d i d  the areas suppor t­
ing growing vege tation . Ano the r less  d i s t inc t deline a t ion on the 
Band 5 p r in t  was a darker toned are a  southwes t of L ake Hen dr i cks . The 
area corresponds to  the Bus e-Pie r ce s o i l  associa t ion . S ca t tered r e c­
t ang les wi th a d ark tone we re f ields of early growing veg e t a t io n ,  such 
as co o l - s ea son g ra s s e s , winter wheat , or winter  rye . 
On a nega t ive p rint o f B and 7 a t  a s cale o f  1 : 5 0 0 , 00 0 ,  Fig ure 7 1 , 
the ar eas ob s erved on the Band 5 prin t  were mo re pronounce d . Add i t ion­
al dark tone s ,  ar eas o f  a c tive ly growing vege tat ion , were ob s e rve d  on 
the Band 7 p rin t that we re n o t  eas ily seen on the Band 5 pr int . A sma�l 
delinea t ion o f  the B us e-P ie r ce as so ciat ion near Oakwood  L ake and s ever- · 
al more alluvial  dra inageway s could be observe d . 
A f al s e  co lor compo s i te pr int made by comb in in g  B ands 4 ,  5 ,  and 
7 a t a s ca le  o f  1 ; 25 0 , 00 0 ,  was s uper ior to the in dividual b and s for 
V isu al int erpre tat ions . By u s ing colo r  alone , the s cene can be separated 
into three  catego r ies :  are as with an orange hue , areas o f o l ive  gree
n 
BAN D 5 + 
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B ROOK I NGS COU NTY, S .  D . 
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1 72 
hues , and d ark b lack areas . Du e to the inf luence of the infrar ed data , 
the orange hue s  ar e areas wi th the mos t  growing vege t a t ion pres en t . By 
includ ing p a t tern in to the in te rpr e ta t ion proces s ,  the o r ange a reas can 
be separa ted into two dis t in ct p a t terns : large  mas s ive ar eas and long 
linear s tr ip s . The mas s ive are as co rr e s pond wel l  to are as of  r o ugh mor­
ainic s o il , pr ima r i ly the B use-P ierce assoc iation ,  whi ch are wel l  s u i t ed 
to gras s produ c t ion b ecau s e  of  their a s s o c iated s t eep s lo pes . The 
linear p a t terns o u t l ined small area s of the alluvial Lamoure s o i l  which 
drain the glacial t ill an d lo e s s  developed up lands o f  eas t ern B rooking s 
Co un ty . They are in gras s p rod uc tion be cause o f  th eir poor . drainage 
and small s i ze . 
The s e cond t ona l ar e a  i s  the o live gr een hues  wh i ch d omina te the 
co unty . Thes e  areas are pred omina tely used for crop p ro d uc t ion . The 
var iab i l i ty o f  the o l ive hues . is  due to var iable  amo un t s  o f  p lan t re s i­
due remaining on the s o i l  s ur f a ce . Fields  wi thout a re s idue cover have 
a more o live hue than do fields with c ons iderab le amoun t s  of res idue 
remaining . The large bro ad alluvial bo t tomland o f  the S i oux River ha s 
darker g reen hu es  than d o e s  the cropped upl and s oi l s . Th is  o ccur s b e­
cause of  the high s o i l  mo is ture cont en t tha t  is as so ciated with this soil . 
The absorp tion o f  l ight b y  a s o i l  in creas es  as the mo i s ture content o f  
a so il increa s e s ; thus a d ark tone resu l t s  o n  the LAND SAT p rin t . 
The dark b l a ck ar eas o f  the pr int  are open b od ies o f  wat e r  whi ch 
refle ct small  amo un ts of  l ight . 
Gro und che cking sub s tant iated these in terpre ta t ion s . Enlargements 
at a s cale o f  1 : 60 , 000 o f  Band s 5 and 7 and corresp onding groun d  photos 
are shown in Figures  72 and 73 . S i te 30 is a f all-p lowed f i e l d  that 
1 7 3 
11 · u·r· · ·7 2 
G ROU N D T RU T H ;  A P R I L  1 9 ,  1 974 
BA N D  5 
BAN D 7 
1 7 4· 
G RO U N D  T R U T H ; A P R I L  1 9, 1 9 74 
30 FAL L  PLOWED WITH QUAC KG RASS 
21 PAST U RE BEGI N N I NG TO G R E E N  
1 9  .CO R N  STUBBL E ; °CATTLE D  Off " 
1 7 5 
oc cur s  on the edge  o f  the terr ace and down onto the upper p o r ti on o f  
the S ioux River bo t tomland . The so ils are p redomin ately o f  the Fo rd-
ville and Lamo ur e a s so c ia ti ons . It  gener ally has a l ight gray t one on 
thP- Band 5 print  excep t fo r a d arker linear p at te rn in the nor theas t  
por tion o f  the f ield , whi ch seems to fo llow the Lamo ure a ss o c i a t ion 
that is d e l inea ted on the Brooking s Coun ty s o i l  a s s o c iat i on map . The 
field boundar ies on th� Band 7 print are mo re clear ly del inea te d  than 
on the Band 5 p r int . The Lamoure so il ar ea also has a much d a rke r tone 
than it did on the Band 5 pr int . 
I 
The grain fie l d ,  s i te 19 , has a d arke r t one on b o th Bands 5 and 7 
than does s i t e  30 . The crop residue from la s t  year ' s g rowing s e as on is  
respons ib le for the  var iat ion in  r2 fle ctances be tween these two f i elds . 
The ground pho to  from s i te 21 shows the gras s in th i s  p a s tur e  b e-
ginning to  eme rge . Thi s  smal l amo unt of growing vege tat ion has c aus e d  
s i te 2 1  to  have the darke s t  tone on Band 7 o f  any of  the exampl e  s i t es .  
The fi rs t prob lem en coun tered in the use of  the quant i t a t ive data 
availab le  on the compu ter compat ible tape  ( cc t )  was de t ermining the lo-
cati on o f the s tudy area in relat ionship to  lines  an d columns on the 
cc t . The measur ing te chnique exp lained on p ages 37 and 3 8  was used to 
lo cate the co unty and s tudy are a b oun dar ies . The se l o ca t ions we re then 
. 
used to ext ra c t  the s tudy area from the compute r comp a t ib le t ap e s . The 
accuracy ob t ained us in g  this techn ique t o  locate  Bro okings Count y  and 
the s tudy are a is shown on Tab le 3 1 .  In al l cas es ,  the me as ur emen ts 
were les s than the ac tual l o cat ion . No me asurement was o ff mor e  than 
s.eventy l ines o r  s ix t y  co lumns , wh ich means that no measuremen ts h ad 
more than a 4 . 5  pe r cent err or . 
Ta b l e  3 1  










_ ACCURACY OF SCENE MEASUREMENTS FROM LANDSAT CCT 
BROO K I NGS  COUf JTY_, SOUTH DAKOTA ; APR I L  19 J 1974 
-
LO CAT I ON OF B ROO K I NGS COUNTY 
ACTUAL MEASU RED ACC U RACY % E RRO R ( ACTUAL-MEAS U RED ) 
L l NE COLUMN L I NE COLUMN L I NE COLUMN L I NE COLUMN 
-
1338 753 1381 781 -43 -28  . 3 . 2% 3 . 7% 
1193 1652 1247 1712 - 54 -60 4 . 5% 3 . 6% 
1870 9Ltl 1873 957  -3  -16 0 . 16% 1 .  7% 
1669 1838 1739 1888 � - 70 -50 
LOCAT I ON OF B ROO K I NGS  COU NTY F L I GHT L I N E 
ACTUAL 











ACCU RACY (ACTUAL-MEAS URED ) 
L I  NE COLUMf·-J 
-35 -17 
-40 -44 
-36  -12 
- 8  - 46 
4 . 1% 2 . 7% 
% E RRO R 
L I NE COLUMN 
2 . 3% 1 . 9% 
2 . 8% 2 . 9% 
2 . 3% 1 .  3% 




The ground ob s e rva t ions we re gro uped into s ix c at egories  whi ch 
were : clean p lowing , mixed pas ture , growing vegetation , a l t ered s t ub -
ble f iel ds , d o rman t p a s t ures , and water . These cat egories are s p e ci fi c  
enough tha t one can eas i ly envis ion the con dition o f  a f i e ld in each o f  
these  ca tego r ies . 
The lo cat ion o f  tra in ing si tes used in computer clas s if ication o f  
. 
the Brookings Co unty s tudy area is g iven on Table  3 2  o f  the append ix . 
To ev alua te the s epar ab il i ty o f  the s ix categories , the training data 
was analy ze d  us ing K-C la s s  f o r  s ixteen diff erent b and comb inat ions . 
K- Clas s result s  are l is ted in Tab le 32 . The highes t p ercen t  to t al cor-
rect clas s i f i ca t i on us ing a s ingle band was ob ta ined wi th Band 7 ,  5 8  
per cen t . Us ing two bands in comb inat ion , the be s t  re s ul t s  were ob t ained 
by us ing Bands 4 and 6 in comb ination . Bands 4 ,  5 ,  and 6 in combinat ion 
resulted in a 59 per cen t corre ct clas s i fi cat ion , wh i ch was the b e s t 
ob tained us ing three bands . The highes t a c curacy was ob t a ine d by  t he 
comb ina t ion o f Bands 4 and 6 together ,  Tab le 3 3 . When the s e  two b ands 
were us ed s epar ate ly , a c cura cies of 5 2 . 7  per cen t and 5 6 . 2  p e r cen t were 
ob tained by Bands 4 and 6 ,  re spectively .  Their comb inat io n res ul ted in 
a ' 60 . 8 3 per cent co rrec t clas s i f i cation of the t raining dat a .  Thi s  is an 
8 . 1 3 per cen t increas e  in accura cy over th at ob tained by B and 4 alone ,  
a nd 4 . 5 8 pe rcent b e t ter than Band 6 yielded b y  i t sel f . Thi s  wo uld point 
to the mul tis pec tra l advant age of LANDSAT dat a in de termining a unique 
spectral s igna tur e for ea ch c las s if ication ca tego ry .  
A mean var iab i l i ty was de te nnined by averag ing the var iat ion in 
a ccura cy ob t ained by the ten cl a s s if i cation runs tha t were p erforme d 
for each b and comb ina t ion . They were categori zed b y  the numb er o f  b ands 
1 
Ta b l e 3 2  K-CLASS RESULTS FROM TRA I N I NG DATA 
19 APR I L  1974 
BAi�D OVERALL BAfrn OVE RALL 
COMB I NAT I Di� ACCU RACY COMB i f JAT I ON ACCU RACY 
4 52 . 70% 5 1 7 54 . 79% 
5 53 . 54% 6 1 7 54 . 79% 
6 56 . 25% 4 1 5 1 6  58 . 9 6% 
7 58 . 54% 4 1 5 1 7 55 . 00% 
4 1 5 54 . 79% 
.. 
4 1 6 1 7 57 . 71% 
4 1 6 60 . 83% 5 1 6 1 7  56 . 87% 
4 1 7 57 . 29% 4 1 5 1 6 ,, 7  57 . 50% 
5 1 6  54 . 79% 
CATEGOR I ES CLASS I F I ED 
CLEA[ J P LmH i�G DO RMANT VEGETAT I O� .. 
G ROW I NG VEGETAT I ON WATER 




Tab l e  3 3  
K- C LASS I F I CAT I ON 
BROO K I NGS COUNTY TEST AREA 
19 APR I L  1974 
CATEGO R I ES 
CLEAN PLOW I NG 
M I XED P/\STU RE  
G ROW I NG VEGETAT I ON 
ALTE RED STUBB LE 
DO RMANT PASTU RE 
WATER 
BAND C S )  CORRECT LY PROBAB LE PERCENTAG ES 
I D ENT I F I ED 
MSS 4 52 . 70% 20-20-1 8- 18-1 6-09 
MS S 6 56 . 25% 17-21-1 6-19-19-08  
MSS  4 ., 6 60 . 83% 18-27-12-20-lli -09  
480 TEST P I XELS · 
1 7 9  
1 80 
in each combina t ion and an ave rage variab il ity was d e t ennined f or each 
catego ry , Tab le 3 4 . Var iab i l i ty in the accuracy of the ten runs de­
creased as the numb e r  of fea tures in the band comb ina t ions in creased . 
This wo uld ind i ca te that a un ique s ignature f o r  the categ o r ie s  i s  mo re  
eas i ly deve loped when data  from more features are  cons idered . Thi s  
suppo r t s  the ob s e rva tion that color compos ites were sup e rior  t o  s ingle 
bands for  visual interpre tat ions . 
The train in g  d a t a  we re then analy zed by the BMD p ro gram ,  T ab le 35 , 
Band 7 was the f i rs t  b an d  entered in to the clas s i fi ca t io n  pro ce s s . I t  
yielded a n  overall  a c curacy of  4 6 . 45 pe �cent . Band 5 was the next b and 
to be inc luded . An a c cu ra cy of 48 . 7 5 percent was achieved by the use 
of Bands 5 and 7 .  The add i t i on of  B and 6 to  the o ther two b ands re­
sulted in an acc uracy of 51 . 66 percent . The highe s t  lev e l  o f  a c cur acy 
was achieved by  the u s e  of al l four bands in comb inat ion , 54 . 5 8  per cen t . 
A compari s on o f  the two clas s i f ication pro grams ,  K- Clas s and B:MD , 
is g iven in Tab le 3 6 . Band 7 resul ted in the highes t ac curacy fo r b o th 
programs when a s in gle band was considered . S ince the BMD programs are 
locked in to us ing prev ious ly sele cted bands , the comb ina t ion of B ands 4 
a nd 6 ,  wh i ch re sul ted in the highes t accuracy for K-C la s s , co uld no t b e  
cons idered by  the BMD program . Ins tead , i t  sele c ted B and 5 a s  the mo s t . 
signi fican t fea tur e when added to  the pr eviously sele c t ed B and 7 .  The 
BMD pro gram ob t a ined 4 8 . 7 5 p e r cent ac curacy when Bands 5 an d 7 we re con­
s idered . K-C las s  u s ing the s ame band comb inat ion resul t ed in an ac cur acy 
of 54 . 79 per cen t .  A higher leve l o f overal l  ac curacy re s ul ted in all 
fo ur compar isons when K- Clas s was us ed compared to  t he BMD p rog ram . The 
band comb ina t i ons s e l e cted by the BMD program are not nec es s ar i ly the 
Tab l e  3 4  
K- CLASS  RESU LTS 
TRA I N I NG DATA 
19 APR I L 1974 
VAR I AT I ON I N  ACCU RACY US I NG 
VAR I AB LE P ROBAB I L I T I ES 
BAND COMB I NAT I ON 
ON E BAND 
n�o BANDS 
T H RE E  BAN DS 
FOU R BANDS 
MEAN VAR I AB I L I TY 
19 . 79% 
13 . 88% 
1 2 . 65% 
12 . 08% 
181 
Tab l e  3 5  
BArrn 
COMB I NAT I ON 
7 
7 J 5 
71 5 1 6  
71 5J 6 1 4  
BMD C LASS I F I CAT I ON 
T RA I N I NG DATA* ; 19 APR I L  1974 
S I X CATEGO R I ES 
PE RCEi'�T 
CO RRE CT C LASS I F I  C.\T I ON 
4 6 . 45  
48 . 75 
51 . 66 
54 . 58 
* = 480 T RA I N I NG P I X� LS 
1 82 
Tab l e  3 6  
CLASS I F I CAT I ON RESULTS 
TRA I IH NG DATA* J 19 APR I L  1974 
S I X  CATEGOR I ES 
BAND l<- CLASS BMD 
C01 1B I dAT I ON ACCU RACY ACC U RACY 
7 58 . 54% /i6 .  45% 
5) 7 ·54 , 79% 48 . 75% 
5 . 6 . 7 56 . 87% 51 . 66% 
4 , 5 , 6 ) 7 57 . 50% 54 . 58% 
* = 480 TRA I N I NG P I XELS 
1 8 3  
ones that wi ll yie l d  the highe s t  degree o f  accuracy b u t  the one s that 
will y ield the highes t ac cura cy u s ing p revious ly selected  features . 
A graphi c d i s p lay o f  the data , Figure  74 , shows tha t  b e caus e o f  
the large amo un t o f  wi thin-group d ivers i ty ,  the c a tegory t i t le d  mixed 
pas ture over lap s wi th all o ther categor ies  excep t water . For this 
reason the ca tego r i es mixed p as ture and al tered s tubb l e ,  the mo s t  d i ­
ver s i f ie d  categ ories , �ere del e ted from the training dat a and cl as s i­
fication of  the fo ur rema ining catego ries was at temp ted . 
1 84 
The catego ry dorman t  vege ta tion cons i s ted of  g r a in s tub ble f iel ds 
and pas ture s  th at had not  begun to green up . The lo ca t ion of t he . 
tr aining s i tes u s ed in the computer clas s if i cat ion p ro ces s are given in 
Table 32 in the ap p endix . The tra ining da ta we re f i rs t  analy zed by the 
BMD pro gr am .  The o r de r  o f  band ent ry , Tab le 34 , was iden t i cal to th e 
sequen ce cho s en when the da ta we re analy zed fo r s ix cla s s if i cat ion 
categories . �vi th mo re homogeneous categor ie s , the ac cur acy of clas s i­
fi ca tion inc r e as ed .  
The b and comb inat ions tha t we re select ed by the BMD program were 
used to c las s i fy the same trainin g  d a t a as the K-Cl ass  p rogram . A com­
par is on o f  a c cur a cy b e tween the two programs using the s ame b and comb i­
nations and s ame tr a in ing d at a  is  shown in Tab l e  3 7 .  Ac cur acies we re 
higher for th e Bt1D program in three out of the fo ur ca s e s . K-Clas s 
us ing Band 7 a lone cla s s i f ied the data corre ctly 7 4  p er c en t o f  the t ime 
whi le BMD us in g  the same b and cl as s i f ied the dat a 73 p e r cent accur acy . 
Fo r the o the r thr ee b and comb inations ,  the BMD pro gram c las s if ied the 
da ta at a higher degree o f  ac cura cy than d i d  K-C las s .  Re s ul t s were 
s ix perc ent b e t te r when Bands 5 and 7 were used , 7 p e r cent wh en Bands 
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Tab l e  3 7  
RECOGN I T I ON OF WATE R,  P LOWED SO I L,  
DORMANT, AND G ROW I NG VEG ETAT I ON 
19  AP R I L 19 74 
BAND C S )  K- C LASS . Bf\'lD 
7 74% 73% 
7 , 5 74% 80% 
7 , 5, G 74% 81% 
7 , 5 , G , 4 76% 82% 
1 8 7  
5 ,  6 ,  and 7 wer e cons idered , and when all four b and s were comb ine d ,  the 
BMD program res ul ted in 8 per cent mo r e  accurat e  clas s i f i ca t i on . 
Once aga in ,  a lar g e  amoun t o f  wi thin- group d ivers ity i s  r e spons i­
ble for mos t  o f  the m i s clas s i f ic ations . A g raphic  d i s p l ay o f  the dat a ,  
Figure 75 , s hows tha t the ca tego ry dormant vegetation i s  a s ource of  
confus ion over lapp ing with bo th the growing vege tat ion and the p lowing 
catego ry . Becau s e  o f  the na ture  of the f ields included in this  cate­
go ry , some areas will b e  s uppor ting grow ing vege tat ion and o ther areas  
of the f ie l d  wi ll p ro du ce a re fle ctan ce pat te rn very s imila r  to th a t  
o f  p lowing . 
A third clas s i f i ca t ion at temp t was made u s ing the three categories 
ob serve d on the vis ual image . The o rder of b and entry and cl as s i f i ca­
tion accuracy ach i eve d by the BMD program is given in T ab le 38  . . The 
or der tha t  bands were s e lec ted for input in to the cla s s if i ca t i on p ro ces s  
is exac tly the same o rder a s  was chosen when the d at a  we r e  analyzed for 
six and fo ur ca tegor ies . I t  wo uld seem th a t  in cre as ing catego r i cal 
homogene i ty i s  asso cia ted wi th in cre as ed accuracy of recogn i t ion . As 
the numb er o f  categor ie s  was d e creased and the c a tegor i es became less  
he tero geneous ,  the ac curacy of  recogn it ion increa sed . Max imum to t al ac­
cur acy in the BMD pro gram when four categor ies we re u s ed was 82  percen� 
and when three categories  were used was 90 percent . 
When the f our b and s we re comb ined an d K-Clas s  was u s e d  t o  clas s ify 
the da ta ,  an over all  accuracy of 9 6 . 3  pe rcent was achieved . 
Nearly comp le te separa ti on of  the categories  is shown on F igure 74 . 
The thr ee water p o in ts that f a l l  in the growing vege tat ion category ar e  
the res ult o f p o o r  training d a t a  selec tion . They mo s t  l ikely are p ixels 
1 
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Tab l e  3 8  
VEGETAT I ON CLASS I F I CAT I ON 
T HREE  CLASSES ; BMD PROGRAM 
19 APR I L  1974 
BAIJD COMB I r�AT I or�  
7 
5 ) 7 
5 ) 6 ) 7 
4 . 5 . 6 . 7  
ACCU RACY 
88 . 0% 
89 . 0% 
90 . 6% 
90 . 6% 
1 8 9  
that are lo cated on  the shore s  of  the wa ter-f illed mo raini c  depres­
s ions which we re used a s  water training s i tes . 
1 9 0  
A s  a r e s u l t  o f  t h e  exc el lent recognit ion of thes e  three c ategor ies 
by K-Clas s , the en t ire  f i f ty-square-mile tes t area was c l a s s i f ied 
us ing th is tra ining d a t a . Ea ch wa s c las s ified into the c a tegory tha t  
it  f i t  mos t clo s e ly . S inc e grain s tubb le f ields produced a r e fle ct-
a nce pat tern mo re s imi!ar to  tha t  of the plowing tr aining data  than 
the growing veg e t a t ion d at a ,  they were c las s i f ied as p lowing . Fo r 
this reas on , the ca tegory was rename d semi-dormant veg e t a t ion . An 
ex amp le o f  the clas s i f i ca t ion resul ts  is given in Fig ure 7 7 , where 
sect ion 21 , Townsh ip 111 No rth , Rang e 52 Wes t is d is p l ayed . The 
boundary o f  L ake Mi t chel l and the pas turelands surrounding i t  in the 
no rth half o f  the s e c t i on we re ident if ied well . The gra s s land aro un d  
the farms tead and the alfal f a  f ield i n  the SW� s tands out  we ll among 
the cropl and s s urrounding i t . 
The ea s t  half o f  se ction 26 , Township 111 Nor th ,  Range  5 2  Wes t ,  
Figu re 7 8 ,  demons t rat es the ab i l i ty to dif ferentiate b e tween mo rain i c  
pas turel and i n  the no r theas t quar ter and crop l and i n  the so utheas t 
quar ter .  Wha t  has b een a c comp l i shed us ing Apr il LANDSAT d a t a  is  sepa-
r ating cr opl and f rom g ra s s land an d lo ca t ing are as o f  open wa ter . In 
areas o f var iab le  acreages o f  crop land ,  th is inf orma t ion is o f  value 
for pre liminary crop es t ima tes . 
To s tudy wha t  inf luence s o il s have on the spectr al p roper t ies  o f  
vegeta ti on , the data  fo r a s ing le cove r  type  were s ep ar at ed and an a t temp
t 
was made to ident i fy the soil  ass ocia t ion where i t  i s  lo ca ted . The 
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g eneral s oi l  a s s o c i a ti on . Fo r dv i lle s o i ls compo s ed mos t  o f  the alluvial 
terrace clas s , the Buse-P ier ce as s o c i ation was the maj or s o i l  a s so c ia­
t ion in the g l a cial mor aine category , and the young g la cial t i ll group 
cons i s ted of Po inse t t-Waub ay and P o ins e t t-Bus e s o i l  as s o c i a t i on s . The 
BMD program was used  to develop t raining pro f i le s  f o r  e a ch o f  thes e  
ca tego r ie s  and t o  clas s i fy the d a t a . The res ul t s  in  clas s i fy ing the 
s o ils w i th in the g r as s Clat a are g iven in Figure 7 9 . The s e quence  th at 
b ands were e ntered into the clas s if i cation pro ce s s  is ind i c a te d  by the 
order tha t they ar e p re sented on the x- axis o f  the g raph . . Band 7 was 
the f i r s t  b and to b e  in cluded in the clas s i f ic a t ion pro c e s s .  An increas e 
in ac curacy was exper ien ce d by all s o i l  categor ie s  when B and 5 was als o  
in cluded i n  the clas s i f icat ion proces s .  Fr om a p lan t phy s i ol o gy s tand­
po in t , these two wavebands would seem t o  b e  the log i cal o ne s  to  u se in 
s ep ara t ing s o i l s  that d i f fer in the i r  p o tential to p r o du ce g r a s s . Band 
5 , indi ca ting levels o f  pho to synthes i s , and Band 7 ,  b eing related  to the 
amo un t o f  veg e ta t ive b ioma s s  present on that s o il . Maximtnn overall 
ac cur acy , 7 8 p e rcent was achieved by the use o f  the s e  two b and s . A d e-
crea s e  i n  ac cur acy o f  two out  o f  the three s o il group s o ccurred when 
Band 4 was adde d in to the clas s i f ica tion dat a .  The r e cogni t ion o f 
al luvial terra ce s  d i d b e come mo re  ac curate with · the add i t i on o f  Ban d  4 .  
Gla cial morainic s o i l s , typ i cally f ound on s teep s lo pes  and h av ing 
shal low , poo r ly developed profiles  were  the  mos t  e as i ly re cogni ze d s oi l  
as so ciat ion . Th ey co uld  b e  ident if ied correctly 8 4  percent o f  the time 
wh en data f rom Bands 5 and 7 were cons ide red . 
Contrary to expec t a t i ons , i t  was very d i f fi cu l t  to s ep ar a te so i l  
as s o ciat i ons  us ing t h e  b a r e  s o i l  data , Figure 80 . I t  had b een thought 
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tha t s o il  d i f ferences would be  mor e  obvious and eas i ly r e co gn i z e d  wi th 
in cr eas e d  amo un ts  of exp o s ed s o i l . The author fee l s  the r ea s o n  this 
did n o t o cc ur i s  tha t  early in the s p r ing the s o il s  h av e  no t h�d time 
to reach the i r  na tur a l  d ra inage s ta te ,  whi ch is a maj o r  di f f eren ce 
among the s e  s oi l s . Young g la c ial t i ll so i l s  and s o il s  l o c a t e d  on al­
luv ial terraces were b o th iden t i fied at thei r  maximum l evel of  re co g ­
ni tion by the u s e  o f  B and 4 a lone . B e cau se o f  s teep er s l o p e s  a s s o c ia­
ted w i t h  younger g l a cial t i ll an d o u twash g r ave l tha t  i s  p ar t  o f  the 
pro f ile o f  alluvi al terrace s o ils , the se two s o i l s  were in a mo re natu­
ral and dryer drainage s ta t e  than the o ther s o il group s whi ch were 
probab ly at a h ighe r  s o il mo i s ture con ten t  than they n orma lly o c cur at  
dur ing the growing s ea s o n . The un ifo rmity o f  s o i l  mo i s ture may" have 
masked o ther s o i l  p roper t ies  tha t co ul d have been u s e d  to s ep ar a t e  the 
so ils  s p e c t rally . The re c ogn i t i on of alluvial b o t t om l and s o il s , l o e s s  
so il s ,  and ma ture g la cial t i l l  s o ils  in cre as ed i n  a c c uracy as  t h e  num­
ber o f  waveb ands used  incre as e d . An overal l  accura cy of 4 2  p e r cent was 
achieved when d a t a f rom B an ds 4 ,  5 ,  and 7 were cons idered . 
L�DSAT d a t a ; J une 30 , 1 9 74 
LANDSAT d a t a  from a mid- s ummer date , J une 30 , 19 7 4 ,  was s ele c ted 
for inves t ig a t i on b e c au s e ,  u s ing the phenol o g i cal growth char t s , i t  
became ev id en t t h a t  a t  t h i s  t ime in the growing s e as on the re are max i ­
mum d i f fe rences amo ng the three maj o r clas s e s  o f  vege t a t ion : corn , · 
sma ll gr ains , an d fo rage s (gras ses and al fa l fa) . Moreove r ,  all c ro p s  
ar e s t il l  growing in t h e  f ie l d  s o  that any acreage e s t ima t e s  made f rom 
da ta collec te d  on this d a te are current .  
1 9 8  
Enlarged neg a t iv e  p r in t s  o f  B an d s  5 and 7 a t  a s cale o f  1 : 3 9 4 , 15 9  
ar e s hown on Fig ure 81 . The areas  o f  highe s t  re flec t ance are repre sen t e d  
b y  t h e  darkes t t o n e s  on t h e  p rin t s . T h e  Band 5 p rin t has a f airly uni­
fo rm tone exc e p t  for f ie l ds wi th ligh ter hue s . The s e  fie ld s  are the 
areas w i t h  the h ighe s t level of pho t o synthe t i c  a c t iv i ty . The B and 7 
p r in t  is  o ne o f  excellen t con tras t s  and goo d  f ield b oun dary del inea­
t ions . The l i g h t  tonal are as o f  the p rin t are areas o f  l owe s t inf rar ed 
reflec tance , whi ch on t h i s  date  i s  p r imari ly co rn f i e l d s  and wate r . 
The rough mo rain i c s o i ls s ou thwes t o f  Lake Hende r i cks , whi ch are p r i­
mari ly u s ed fo r g r a s s  p ro du c t i on ,  cre a t e  a d i s t in c t ive p a t t e rn  com-
pared t o  the cro p l and o f  the area . The dr ainageways t ha t  d is s e ct the 
area ar e o ut l ine d by a mu ch darker t one on Band 7 an d a l igh t e r  tone 
on B and 5 .  This ind i ca t e s  that the gra s s  in thi s t op o g raph i c p o s i t ion 
is growing mu ch mo re v igo ro us ly than th e gras s of the s ur round ing up­
land po s i t i on s  and is c arry ing on photosynthe s i s  at a much h ighe r  rat e ,  
thu s , the l ow re flec tance o f  red ligh t , Ban d  5 .  Areas w i th the h i ghe s t  
co ncent r a t ion o f  row crop p rod uc t i on ,  primarily corn an d  s ome s oybean s , 
be come evi den t b e c au s e  o f  the high pe r centage o f  l igh t t ones c ompared 
to the res t o f  the s cene . The s e  ar eas are mos tly mature g l a c ial t il l  
and lo e s s  d e r ived s o_i l s  where gentle slopes and go o d  s o i l  moi s ture re­
lati ons hip s  have mad e t hem more favorable fo r co rn p ro du c t i on th an o ther 
ar eas o f  the co un ty . 
Enl argemen t s  a t  a s c ale o f  1 : 60 , 00 0  o f  B an ds 5 and 7 ,  Figure 82 , 
o f the fl ig h t line , allow the comp ar is on o f tones on the p ri nt to be  re­
late d to g round ob s erva t i ons mad e  on the s ame day tha t  the LANDSAT d a t a  
was co ll e c t e d . Fiel d numb e r 3 consis t s  o f  co rn s tanding 5 0  cm t all that 
I ,· 
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1. 
has b een cul t iva t e d  r e cen t ly . I t  produce s  a ligh t t on e  on B and 7 , 
whi ch indi ca t e s  t ha t i t s  infrared r e fl e c t ance i s  relat ive �y low . On 
the Band 5 p r in t , t he f ield is  a g ray mono t one , excep t fo r s ome 
s cr a t ches on the p rin t whi c h  show up whi te . 
2 0 1  
Fie lds 1 and 2 w i l l  b e  d i s cus sed t oge the r t o  b ring o u t  a n  imp o r t­
ant po in t . One i s  an o at s  f ie ld that is in excellen t  con d i t ion . I t  
has head ed o u t and s t an ds 10 2cm t all . The a l f a lfa f ie l d ,  2 ,  has b een 
cut re cent ly and has reg rown to a he ight of  2 0  cm . Bo th f ie lds  have 
a dark tone o n  the B and 7 p r int . This would ind i c a t e  that they b o th 
have a high inf ra r e d  r e f le ctance and ar e in g oo d  phy s i cal con di t ion . 
A field boundary be tween them c anno t be  lo cated on the pr int . Bu t , 
when t hey are ob s e rved on the B and 5 p r in t ,  the o a t s  f i e l d ,  1 ,  h a s  a 
much l igh t e �  t one than do es  2 ,  the a l f al f a  f ie l d . The l igh t e r  tone on 
the Band 5 f o r  t he o a t s  f ie ld wo uld deno te h i gh e r  l e vel s of pho t o s yn­
the s i s  in the o a t s  f ie l d  t h an in the al fal f a  f ie l d . Thi s  o c cu r s  be­
caus e  the oat  p l an t s  ar e in the p roces s o f  s e e d  f i l l ing whi le the al-
falfa p l an t s  are r e c over ing f rom the re cen t  harve s t ing . T h i s  pheno l o­
g ical d i f f e r ence h a s  cau s e d  the se two veget at ive cat e gor ie s t o  y i e l d  
d i f f e r ent s p e c tr a l  chara c t e ris t ic s . tha t  allow them t o  be  s ep ar a t e d  o n  
B an d  5 but not on B an d  7 .  T h i s  emphas izes  t h e  advant ag e  o f  mul t i sp e c t r�l 
da t a  over mono sp e c t r al d a t a . C o rn f ield s we re eas ily r e c o gni z e d  on 
Band 7 but sm a l l  g r a in and a l f al f a  fie lds p r oduced a tonal s ign a t ure 
that c au s ed them t o  b e  con f us ed . B ut , they c o ul d be  sep ar a t e d  by the 
us e of d a t a  from B and 5 .  
The s p ec tra l d i s t r ib u tion o f  the p ro p o s ed t ra ining s i t e s  was ana-
ly zed in o r d e r to determine the ex ten t of the sp e c t ral ove rlap among the 
2 0 2  
clas s if i c a t ion c a teg or ies . The d i s t r ibu t io n  o f  B and 4 value s  i s  
g iven i n  F igure 8 3 . Co ded ou tpu t f rom the compu ter comp a t ib le t ap e s  
o f  LANDSAT a r e  l i s t ed i n  chrono lo g i cal order o n  t h e  y- ax i s  and the 
catego ries ar e s e p ar a t ed along the x-ax is . The numbe r  o f  t rain ing 
p ixels u s ed in the analy s i s  is l is t ed in p arenthes is . A r an g e  in 
val ues  f r om 1 7  to 24 o ccurred , wi th 9 8 . 6  p e rc en t  of the 5 0 0  s amp le s  
s tud ied f al l ing b e tween values o f  1 7  t o  2 2  when the wat e r  d a t a  were 
analyzed . A l arge amount o f  overlap among the vege t a t ive c a te go r i e s  
exi s ted wi th t h e  Band 4 dat a . The corn , sma l l  grain and gra s s  d a t a  
all ove rlapp e d . 
The wide r ang e in B and 5 values for gras s d a t a ,  Fig ure 84 , ind i-
ca t e s  tha t  leve l s  o f  red  l igh t ab sorp t ion d uring p h o t o synthe s i s  var i e s  
a g rea t deal wi thin t h e  g r a s �  d a t a . T h e  f ields that are in poo r phys i-
cal cond i t ion e i ther d ue t o  g r a z ing pat tern s  or o th e r  f ac to rs , s u ch as 
droug h t  s tres s , woul d b e  respons ib le for the hi ghe r re f l e c t an ce values ; 
whi le tho s e t h a t  are a c t ive ly carry ing on pho t osynthe s i s  woul d  produ ce 
low r e f l e c t an ce va lues be cause they ar e us ing red l i gh t e ne r gy during 
pho to s yn the s i s . Of  the ve ge t a t ive cat ego ries , smal l  gra ins h ave the 
lowes t  re f l e c t an c e  of red l i gh t . This supp orts  the in t e rp re t at ion of 
the v i s ibl e  image whe re small grain fields had the l igh te s t  t ones  on 
the nega t ive p r in t  of B and 5 .  
The inf rar ed d a t a  from B ands 6 and 7 are i l lu s t r at e d · in Fig ures 8 5  
an d 8 6 .  The corn d a t a  are clearly separa t ed f rom t h e  small gr ain and 
' d  b ly le s s  than that fo r gra s s  d a ta . I t s  re f l e c t an ce va lues are cons i e ra 
th h Gr as s and Smal l grains ove rlap to a e o t er two veg e t a t ive c las s e s . 
l arge ex ten t . The small grains generally have highe r  re fle c t ance l eve l s  
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208  
than do  the  g ra s s  da ta b u t  d ue to  the  large amo un t of  w i th in-gro up d i­
vers i ty and over l ap be tween the two clas se s ,  many except ions to this 
trend can b e  f ound . 
The mul t i s p e c t ral s epara t ion b etween the gras s and smal l grain 
c las s e s that was observe d on the v isual imag e is s upported  b y  d ig i t al 
val ues extr a c t ed from the CCT . Figure 80  d i s play s  the dat a f rom tes t 
f ields PW3 and PW6 . Cons idering Band 7 al one , the small grain data 
ranged from value s of  28  to  42  wh i le the gras s value s var ied f rom a low 
of  2 0  to a high o f  34 . The two categor ies are comp l e t e ly se parated 
when the B and 5 data is  also cons ide red . Sma l l  g rains ran ged in re­
f l e ctance valu e s  from 15  to 25  and the values from 29 to 3 9  encomp as sed 
all the grass d a ta . 
Rel a t ive l evels o f  re flect an ce among the waveb and s f o r  c orn are 
shown on Figure 8 8 . I t  is  imp or tant to keep in mind that the t ?t al 
range po s s ib le for Bands 4 ,  5 ,  and 6 is 1 2 7  while Band 7 has a maximum 
range o f  only 5 6 . I f  a ll b ands we re to b e  placed on an equivalent 
b as is , in mo s t  cas es Band 7 wo ul d have much higher re fle c t an ce values 
than the o the r waveb ands . The refle c tance o f  red light , B an d  5 ,  i s  
le s s  than tha t o f  Band 4 ,  wh i ch wo uld indicat e tha t the plan ts a re 
ac t ively carrying on pho tosynthesis , but due t o  the ir small vege t a t ive 
b iomas s , the n e t  ref lec t an ce of the field is s ti ll heavi ly in fluenced 
by the s p e c t r al p ro pert ies of  the soil . The small amoun t  o f  vege t a t ive 
b iomas s pres en t  in the corn f ields is indi cated by the l ow re fle ctan ce 
of  the infrared ban ds . 
The spec t r al p r o f ile  of  the smal l grain data is chara c te ri s t ic o f  
growing vege t ation ,  Figure 89 .  The comb ina tion o f  
low re fle c tance of 
F igu r e  8 7  
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Band 5 and high in frared re f le c tan ce , Band s 6 and 7 ,  is ind i cat ive o f  
a plant that h a s  a large vege t at ive b iomas s p lu s  i s  act ively carry ing 
on pho to synthes is . 
2 1 2  
The mul t imod a l  pat te rn o f  the Il and 5 f o r  the grass d at a ,  Figu re 90 , 
deno tes the var iab le conditions of the p lan ts . The data wi th the lowe r  
ref lec tance values represent th ose f ields that are mo s t  a c t ively grow­
ing . As the r e f l e c tan ce val ue s  for Band 5 in crease ,  the leve l s  o f  
pho to syn thes is  b y  the p l an t s  in the field de crease . Nearly the con-
ver s e  is the s i tuat ion fo r in terpreting inf ra red refle c t an ce values 
for th is per iod o f  the growing season . The h ighe r the inf rar ed re -
flec tance values , which are ob tained during growth phas e o f  the p l an t s , 
the greater i s  the vege t at ive b iomas s of the plan t s . The wide range o f  
values  f o r  b o th in f rared waveb ands ind ic ates the dive rs i ty that i s  
fo und among the g ra s s  d at a . 
A trend o f  de cre a sed re flectance wi th increased wave length is 
deno ted by the wate r t rain ing data , Figure 9 1 . 
The s p e ct ral d is t r ib ut ion of the tra ining data revealed a l imited 
amount  o f  catego r i cal ove rl ap . Conse quently ,  the BMD pro gram was u s e d  
tc de termine t h e  separ ab ili ty o f  the t rain ing data , Tab le 3 9 . B and 7 
was sele c t ed as the mos t s igni fi cant b and in the re co gni t ion o f  the 
tr aining data and thus , the firs t at tempt  at clas s i f i cation was p e r­
formed by the us e  o f  Band 7 al one . It resul ted in 90 . 15 p ercen t  cor rec t 
c las s i f i cation . The add i t ion o f  Band 5 to the Band 7 d at a  resu l t ed 
in 3 . 6  perc en t in cre ase in a c cur acy . The comb ina t ion o f  Bands 4 ,  5 ,  
f 1 " f ' t i n I t  rema ined and 7 d id not  increas e the accuracy o c as s i  i ca 0 • 
cons t an t a t  9 3 . 7  per cent, the s ame as was ach ieved by th
e comb inat ion 
2 1 3  

















REF LECTANCE  CHARACTER I ST I CS OF G RASS 
BROOK I NGS COU NTY , 30 J U NE  1974 
5 0 3  S amp l e s  
B an d ·  5 
B and 4 ( 0 . 5 - 0 . 6 u m l 
B and 5 ( 0 . 6 - 0 . 7  u m ) 
B and 6 ( 0 . 7 - 0 . 8 u m ) 
B an d  7 ( 0 . 8 - 1 . 1 u m ) 
B and 4 
B an d  6 
0 14 18 22 26  30 34  38 42 46  50 54 58 
CODED OUT P UT P ROPORT I ONAL TO T RANSM I SS I ON 











REFLECTAN CE  CHARA CTER I ST I CS OF  WATE R 
B ROO K I N G S  COU NTY � 30 J UNE  1974 
B an d  7 
5 0 0  S amp l e s  B and 4 ( 0 . 5 - 0 . 6 u m  ) 
B and  5 ( 0 . 6 - 0 . 7 u m ) 
B and  6 ( 0 . 7 - 0 . 8  u m ) 
B an d  7 ( 0 . 8 - 1 . 1 u m ) 
B an d  4 
22 26  30 
CODED O UT PUT PROPORT I ONAL TO TRAN SM I SS I ON 
2 14 
T a b l e  3 9  
C LASS I F I CAT I ON O F  TRA I N I NG DATA* 
BMD P ROG RAM j 30 J U N E  197L J  
BAND COMB I NAT I ON 
7 
5 ) 7 
4 ) 5 ) 7 
* = 1999 TRA I N I NG P I XELS 
OVER,�LL ACCU RACY 
90 . 15% 
93 . 70% 
93 . 70% 
. 2 1 5 . 
2 1 6  
o f  Band s 5 and 7 .  
The conf us ion b e tween the small g rain and grass cat ego ries  th at 
was exp e r ienced us ing v i s ual images was al s o  encounte red in the 
c l as s i f i c a t ion of the dig i t a l  d at a . Categori cal accura c i e s  ob t ained 
through the use o f  Band 7 a lone are given in T ab l e 4 0 . The l a rges t  
amoun t o f  m i s clas s i f i ca t ion for the small gr ain was wi th the gras s 
d a t a ; 1 0 . 7 p e r cent . S'"im ilar mis clas s i f ic a t ion s were exp er ien ced b y  
t h e  gras s d a t a  whe re 1 5 . 5  percent was in cor re c t ly cl as s i fi ed as  small 
gra in . The c omb inat ion of Bands  5 and 7 alleviated mo s t  o f  the mi s -
c l as s i f ic a t ions within the small grain d at a ,  T ab le 4 1 . The amo unt o f  
sma ll g r a in d a t a  mis clas s i f ied a s  gras s dro p ped f rom 10 . 7  p e rcent when 
Band 7 was u s e d  alone to 2 . 9 pe r c�nt when the dat a  from b o th B an d  7 
was u s ed a l one to 2 . 9 pe rcent when the d at a  from b o th B an d s  5 and 7 
were cons i dered . The s ame trend , b u t  to a l e s s e r  d e gree o ccu rr ed when 
t he g ras s  was re clas s i fied us ing b o th B ands 5 and 7 .  The re cl a s s i f i -
ca t ion r e s ul t ed in a red u c t ion o f  the 5 . 4 percent e rr o r  in the mis -
cl as s i f i ca t ion o f  gras s dat a a s  small gr ain . 
A graph i c  d i s p l ay o f  the class if icat i on re sul t s , Fig ure 9 2 , show s 
tha t  the only s e r i ous overlap o c curs b e tween the smal l gr ain and g ra s s  
data . The wa t e r  d a t a  th a t  was mi s class i f ied mo s t  l ikely is from the 
shor e l ines o f the mo ra in i c  dep res s ions that c�mp o s e  mo s t  o f  the wat e r  
train ing d a t a . T h e  shorel ines prob ab ly p rodu ce a r e f l e ctance p a t te rn 
tha t  i s  very c l o s e ly related to the corn data . They b o th wo ul d b e  
domina ted by t h e  inf lu ence o f  t h e  exposed s o i l . 
K-Cl a s s  was then u s e d  to c l ass i fy the training da t a ,  T ab l e  4 2 . 
T he an d  7 dl' f f ered very l i t t l e  from th a t  which r e su l t s u s ing B ands 5 
Tab l e 4 0  
CORN C 493 ) 
C LASS I F I CAT I ON OF T RA I N E�G  DATA 
BY THE BMD P ROG RAM -
BArrn 7 c o . 8-1 . 1 uM)  j 30 J UNE 1974 
PERCENT OF  CASES C LASS I F I ED 
CO RN SMALL G RA I N  G RASS 
93 . 9  0 . 8 5 . 2 
SMALL G RA I H C 503 ) 
G RASS C 503 ) 
4 . 2  
0 . 4 
85 . 1  
15 . 5  
10 . 7  
84 . 1  
WATER 
0 . 0  
0 . 0  
0 . 0  
WATER C 500 ) I 1 . 6  0 . 0 0 . 8 97 . 6 
OVERALL ACCU RACY OF CLASS I F I CAT I O rl = 90 . 15% ( 1999 ) 
N 
1-1 -....J 
Ta b l e  4 1  
C LASS I F I CAT I ON O F  T RA II H ;·� G DATA 
BY THE BMD P ROGRAM 
BArrns s Arm 7 j 3 0  J U f-J E 1974 
CORN C 493 ) 
SMALL G RA I N C 503 ) 
G RASS C 503 ) 
WATER C 50 0 )  
PE RCENT O F  CASES C LASS I F I ED 
CORN SMALL S RA I N  G RASS 
9 5 . 3  2 . 0  2 . 6 
4 . 8 92 . 3  2 . 9 
0 . 6 
1 . 6 
10 . l  
0 . 0 
89 . 3  
0 . 4 
�/ATE R  
0 . 0  
0 . 0 
0 . 0  
() 0  0 :J o . 




5 . 0 
4 . 6 
4 . 3 
4 . 0  
3 . 6 
3 . 3 
3 . 0 
2 . 6 
� 2 . 3 
H 2 . 0  
i:Q 1 .  6 <r: 
H 1 .  3 � <r: 1 .  0 > 0 . 6 
H 0 . 3 <r: 
u 0 . 0 
H 
- 0 .  3 z 
0 - 0 . 6 z 
� - 1 .  0 u 
- 1 . 3 
� - 1 . 6 z 
0 - 2 .  0 u - 2 .  3 � 
Cf) - 2 . 6  
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- 3 . 6 
- 4 . 0 
- 4 . 3 
- 4 . 6 
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- 5 .  3 
- 5 .  6 
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T ab l e 4 2  
CLAS S I F I CAT I ON OF  T RA I IH NG DATA 
BANDS 5 Arm 7 BY K- C lJ,SS 
30 J U N E  19 74 
PERC ENT OF CASES CLASS I F I ED 
CORN SMALL G RA I N  G RASS WATER 
CO RN C 493 ) 9 5 . 7  2 . 0  2 . 0  0 . 2  
SMALL G RA I N C 503 ) 4 . 9  88 . 5  6 . 6 0 . 0 
G RASS C 503 ) 0 . 8  8 . 3 90 . 9  0 . 0  
WATER C 500)  4 . 4 0 . 2  0 . 4  95 . 0  
OVERALL ACCU RACY OF CLASS I F I CAT I ON = 92 . 49% 
N N 
0 
2 2 1  
was a chieved b y  t h e  B:MD pro g ram us ing the s am e  b and c omb in a t io n . 
Us ing this t ra ining d a t a ,  the K- Cl as s pro gram c l as s i f i e d  all the 
d a t a  points of the en t ir e  5 0 -s quare-mile te s t  area into one of the 
f o ur clas s i f i ca t i on categor ies . An exampl e  of  cl as s i f i ca t ion o u t p u t . 
i s  g iven in Figur e 9 3 ,  where s e c t i on 21 , Township 111 No r th ,  Range 5 2  
We s t  is re co n s truc t e d . The gro un d  truth and the c l as s i f i ca t io n  o u t -
pu t corres p on d  wel l . Even w i th t h e  sma ll f i e l d  s i ze s , t h e  field 
bo undaries are de line a te d . One s ou rc e of mis cla ss if i ca t ion o ccurred 
along the we s tern shore o f  Lake Mi t chell where a narr ow s t rip of  l an d  
i s  cla s s if ied a s  corn . This  area is mo s t  l ikely sho rel ine th at 
f r e quen tly f lo o d s  and does no t s uppo r t  vege t a t ion . Due t o  the d raugh t y  
wea ther , t h e  w a t e r  level o f  t h e  l ake h a s  fallen an d l e f t t hi s  ar e a  
expo s e d . The la rge s t  are a  o f  con fus ion i s  in t h e  mar shy a r e a  o f  the 
s ou thwe s t quar ter , whe r e  mu ch o f  the ma rsh vege t at i o n  is c l a s s if i e d  
as  small g r a i n . This s ame p rob lem o c curred in p as tu rel ands along the 
alluv i a l  bo t tornland of the S ioux Rive r . The incre a s e  in ava i lab l e  
s o il mo is t ure t h a t  o ccurs in b o t toml and an d de p re s s i onal p os i t ions 
co uld caus e the vege ta t ion grow ing in the s e  areas t o  b e  in much b e t t er 
phenolog i ca l cond i t i on than the gra s s e s  grown on wel l- drained up l and 
s o i l s . 
A compar i son o f  ground tru th and clas s i f ica t ion a creages  i s  g iven 
in Tab le 43 . The co rn data clas s i fi cat ion and the g r ound t ruth d i f-
fer ed by onl y  5 7  h e c t are s , whi ch is 1 . 38 per cent erro r . Sma ll gra ins 
h 1 6 . 58 p er cen t , mo s t  o f  whi ch o c cur red nd the large s t. amoun t of e rror , 
in poo r ly-dra i ned areas of  the f l ight l ine . I t  was the o nly c a t e gory 
tha t  was overes t imate d . Gras s and water had 3 . 5 1 p e r cent. 
and 2 . 9 8 
F igur e  9 3  
1 9 7 4  GROUND TRUTH 
CLASS I F I CAT I ON OUT PUT 
BROO K I NG S  C OU NTY 
JUNE 3 0 , 1 9 7 4  DATA 
S E CT I ON 2 1  T . l l lN R . 5 2W 
C LA S S I F I CAT I ON 
0 
0 0 0 00 0 00 
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o o owwwwwwwwwwwwwc c c c c c c c c c c  
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G CWWWWWWWWWWWWW G G C C C C C C OO O  
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2 2 2  
GCWWWWWWWWWWW G OOOO G G G G G O O O  
G CWWWWWWWWWG OOOOO OOO OOOOOO 
OG CWWWWWWG G G GOOOOOOOOOWWOOO 
OO C C G GOOG G G C C C GO O O C C OOOWWO O 
G G C G OOOOG G C C C G O O C C C C GOWWWO 
G G G OOOOO G G G C CC O OC C C C C G WWWO 
C C C OOOOO G G G C C C O G C C C C C C OO OWO 
GCC GOOOOOGG C C C C C C C C G C OOOOO 
C C C OOOOOG G C C C C G C C C  
C C C COOOOOG 
CCC  CO 
C = CORN 
0 = SMAL L G RA I N  
G = GRASS  
W = WAT ER  
Tab l e  4 3  
C LASS 
CO R I �  
SMA L L  G RA I N  
G RAS S 
WATE R 
FL I G HT L I NE  C LASS I F I CAT I ON 
B ROO K I N GS COU NTY ;  30 J UN E  1 9 74 
l<-TEST G ROU l�D  T RUTH 
ACRES  HECTA R�S ACRES H E CTA RES 
1 0 ) 003 4) 050 10 ) 150 4 ) 10 7  
1 0 ) 561 4 ) 274 9 ) 059 3 ) 666 
11 ) 111 4 ) 496  1L 515 4 ) 660 
323 130 333 134 
OVE RAL L  AC CU RACY = 93 . 89% 
2 2 3  
% E RRO R 
1 . 38 
16 . 58 
3 . 51 
2 . 9 8 
2 24 
p e r cen t error , r es p e c t ively . An overal l ac curacy o f  9 3 . 89 p e r cent 
was a ch i eved for the 1 2 , 9 5 0 . 2  he ctare ( 3 2 , 000 ac r e )  s t udy area , t rans -
e c t ing s ix maj o r  s oi l  a s s o c ia t i ons tha t d i' f fered i· n · 1 paren t  mat e ria s ,  
d r a inage s ta t e , and t ime o f  developmen t , and con s is ted o f  a w i d e  range 
of d i f f e ren t types o f  veg e t a t ion . 
A crop a creage e s timate for B ro okings County was p re p ar e d  b y  
ex trapo l a t ion o f  the tes t  area d at a .  S in ce the o c currence o f  s p e c i fi c  
c r o p  c a t e go r i e s  i n  t h e  tes t  area was d i f f e rent f rom that o f  the ent ir e  
co un t y , a crop cons tant h a s  to be in cluded int o  the equat ion in ord e r  
t o  b r ing the t e s t a re a d a t a in to b alance wi th the d i s t r ib u t ion o f  c ro p s  
i n  the co un ty . County e s t ima tes for  co rn , small gra i n ,  and g r as s  a re 
g iven in Tab l e  4 4 . C o rn da t a  had a c a t egori cal e r ro r  o f  3 . 3  pe rcent , 
whi ch was the leas t erro r o f  the three categor ies . Smal l  gra ins ha d 
t he poores t a c curacy of  any ca teg ory , 10 . 3  percent e rro r . The gr as s 
es t ima t e s  had a 5 . 5 p e rcent erro r . The mean ove r al l e r ro r · f o r  the 
es t ima ted ex t e n t  o f  co rn , small  g r ain , and g ras s in Broo kings Coun t y  
i n  1 9 74 was 6 . 3 6  p e r cent e rror . 
The inf luen ce o f  s o ils on the s p e c t ral p rope r t ie s  o f  veg e t a t i on 
was inves t iga t e d  by s e e in g  i f  d if fe rent so i ls cau s ed a s p e c t ra l  vari a-
t ion in the r e f le c tan ce o f  veg e t at ion th at co ul d  b e  u s e d  t o  cons i s t en t �y 
ident i f y  tha t  p ar t i cular so i l . I f  so i ls can be  iden t i fi e d  con s is t en t ly 
w i thin the d a t a  o f  a s ingle co ver type , this wo uld ind i c a t e  tha t s o i ls 
have a maj o r  inf luence on the spe ct ral p r op e r t ies  o f  v eg e t at ion and this 
s ho ul d  be  t aken in t o  a c co un t  when selec t ing t rain ing d a t a  for v e g e t at ion 
r e co gni t ion purpo s es . 
T he sma l l  g r a in training da t a  were analy z e d  by the BMD p ro gram , 
Ta b l e  4 4  
COUNTY CROP EST I MATES 
BROO K I NGS COUNTY ) 1974 
CAT EG ORY 
EST I MATE* G ROU ND TRUTH**  
H ECTARES ACRES HECTARES AC RES 
CORN 52 ., 156 128 1 878 53 1 992 133 ) 414 
SMALL G RA I N  63 1 193 156 ., 150 70., 483 174., 164 
G RASS 63 ., 780 1 56 ., 611 67 ., 1 04 1 65 ., 815 
MEAN OVERA LL ERRO R = 6 . 36% 
* = E ST I MATE = (T E ST AREA EST IMATE x C OUNTY AC REAG E ) 
K T E ST AREA ACREAG E 
K = % CROP I N  C OUNTY 
% CROP I N  TEST AREA 
* *  = EXPANDED F ROM 5 %  STRAT I F I ED SAM P LE OF THE COUNTY 
CATEGOR I CAL  
ERROR  
. 3 . 3  
1 0 . 3  
5 . 5 
N N Ln 
Figure 94 . B an d 4 was s ele cted as the in i t ia l . b an d  en t ry . Alluvi al 
b o t t omland s o i ls and s o i l  developed from matur e  g l a c i al t i ll b o th 
2 2 6  
could b e  iden tif ied we ll us ing this  waveb and . The o the r th ree s o i l  
group s ; young g la ci al t i ll , loe s s  der ived s o il , an d  all uvial t e rr a ce s ; 
wer e  no t iden t i fied we ll . The h ighe s t  overal l a c cur a cy , 3 3 . 2  p e rc e n t , 
was ach ieve d  when B an d s  4 ,  5 ,  and 6 we re cons i de red j o int ly . A po s s ib l e  
exp l ana t i on why al luvia� bo t t oml and s o il s , the Lamou re as s o c i a t ion ,  had 
a d is t i n c t  inf luence on the s pe c t ra l  proper t ie s  o f  small g r a in s  i s  that 
due to  poo r ly d r a ined c on d i t i ons , p l an t ing of spr ing g r a in s  would be 
later on th i s  so il  than on mo s t  o f  the o ther s o i l s . Thi s  wo uld d e l ay 
the ma t ur i ty o f  the g r a ins , wh i ch in . turn wo uld cau s e  them to h av e  a 
s p e c t r al pa t t ern o f  a mo re immat ure vege t at ion than grains g rown on the 
well -dra ined s o i l s  of t he area . 
The mo d e - s eeking prog ram was us ed to de t ermine i f  d i f f e r en t  s o i l s  
wi thin t h e  co rn da ta had s p e ci f i c  modes . T h e  res u l t s  a r e  shown on 
T ab le 45 . Mod e  1 con tained 9 5  p e r cent o f  the young g l ac i al t i ll d at a , 
6 2  percent o f  l o es s - de r ived s o ils , and 5 3  p e r cen t  o f  the a l l uv i a l  b o t tom­
land da t a . The same p rob lem o c curr ed wi th modes 2 and 3 .  Th i s  ind ic a tes  
th�t  even though the data from a s ingle s o il group may o c cu r  p r e domin a t e­
ly in one mo d e , confus ion among the d i f feren t so ils  g r o up s  o c curre d b e cai.;se 
the da t a  f rom many soil  g r o up s  may o c cur in a s ingle mo de . 
An a t temp t to r e co gn i ze s o i ls wi thin the corn d a t a  was a t t emp ted 
through the B:t-m pro gram , Figure 9 5 . Band 6 was the fi rs t  b an d  t o  be  in­
c luded into t he clas s i f i c ation pro ces s . Kranzburg s o i l s wer e co r r e c t ly 
iden t i f ied 7 3 . 1  pe r cen t o f  the t ime us in g  this band alone . Al l o ther 
s o i l  group s , e x cep t  young g l acial t il l  s oi l s  whi ch wer e re cogni ze d  
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SO I L  NORMAL I ZAT I ON OF 
SMALL G RA I N  TRA I N I NG DATA 
B ROOK I N GS COUNTY ;  30 J UNE 1974 
BAND COMB I NAT I ONS  
1 1 1 1 1 1 1 1 1 • 1 1 Y O U N G G LA C I A L  T I L L  - -
- 1 A L LUV I A L B O TT O M LA N D  
��/�./ ... LO E  S S  
r..r..,...,.....-A L LU V  I AL T E R RA C E  
2 2 7  
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MODE SEEK I NG *  OF CO Rl"J T RA I N I NG DATA 
BROOK I r �GS COU NTY i 30 J U NE  1974 
YOUNG MATU RE 
G LAC I AL T I  LL C 60 )  LOESS C 246) G LAC I AL T I LL C 142 ) 
9 5% 62% 7% 
3% 1 8% 
.. 
37% 




* 4 ERTS BANDS USED 
MODE THRES HOLD OF 0 . 005  
A LLUV I AL 
. 




















g§ 40  
0 
u 






SO I L  N O RMA L I ZAT I ON OF  CO RN T RA I N I NG DATA 
B ROO K I NGS COU NTY ; 30 J UN E  1974 
G 
BAND COMB I NAT I ONS  
11 1 1 1 1 1 1 1 1 1 1 1  Y OUNG G LAC I AL T I L L ( 6 0 )  P O I N SETT S O I L S  
1-�/�/� J LOE S S  ( 2 4 6 )  KRANZ BURG S O I L S 
, ,,..,....,....., 1  MATURE G LAC I AL T I LL ( 1 4 2 )  V I ENNA SO I L S 
,, _ _ • I  AL LUV I AL B OT TOMLAND ( 4 5 )  LAMOURE S O I L S 
��I OVE RAL L ( 4 9 3 )  
. 2 29 
·; ·"� 
6 5 . 0  p er cent co rr ec tly ,  ha d low a c curacies . The add i t ion o f  B and 5 
i n to the clas s i f i c a t ion p ro c e s s  increased the a c curac y  of re co gn i t i on 
of Lamo ur e s oi l s  and the Vienna s o i l  as s o ci a t io n  t o 6 8 . 9  p e r cen t an d 
5 4 . 9  p e rcent , r e s p e c t ively . Th e a ccuracy o f  the o the r two s o il g ro up s , 
young g lac ia l t i l l  s o i l  and loes s derived s o il s ,  d e crea s e d  w i th 
add it ion o f  Band 5 .  The h ighes t over all accur acy , 6 6 . 5 3 p e r cen t ,  was 
a chi eved when the d a t a · f r om all b ands wer e  cons idere d j o in tl y . Cat e-
go ri cal a c curacies  o f  61 . 7 p e r cen t ,  7 2 . 0  p e r cen t ,  5 7 . 0  p e r c en t , a n d  
7 3 . 3  p er cent were ach ieved f o r  the P o ins e t t  s o i l  a s s o cia t i on ,  the 
Kran zburg a s s o c i a t ion , the Vienna a s s o c i a t i o n ,  and the L amo ure s o i l  
a s s o c ia t i on ,  res p e c t ively , T ab le 46  . 
. 
K-Cla ss , a mo re ve rs at ile compu ter pa ckage , was u s e d  t o  fur the r  
ana lyze t he e f f e c t  o f  d i f ferent band comb inati ons o n  the recogn i t ion 
of s o i l s  wi t hin t he co rn da t a . 
Cl as s if i ca t io n  resul ts for  tes ted b and comb ina t i on s  a re l is ted in 
Tab le 4 7 .  The h i ghe s t  leve l o f  ac cura cy in each s o il g r oup i s  unde r-
lined . Band 7 al lowe d ma t ure gla cial t i l l  s o il s ,  Vienna a s s o c iat ion, 
to be co r r ec tly i den t i fied 9 4 . 4 p er cent o f  the t ime . Th i s  waveb and d i d  
no t p rovid e r e co gni tion o f  young g lacial t i ll or  alluv i al b o t tom land 
so i l s . Max imum r e cogni t ion of L o e s s  de rived so ils , 9 0 . 7  p e rcen t , was 
a ch i eved by the u s e  o f  the ratio of Band 4 div ided by B and 6 ,  b ut once 
ag a in zero r e co gni t ion o f  y o ung g l ac ial t i ll and alluvi al b o t t oml and 
s o i ls o c curred . The s e  two s o il  group s  were iden t i f ie d  b e s t  u s ing the 
c omb inat i on of Bands 4 ,  5 ,  6 ,  and 7 j o intly . The y oung g l ac i al t ill , 
Po ins e t t a s s o c ia t i on , and so i l s  lo cated on al luv ial b o t toml an ds , the 
Lamou re s o i l  a s s o c ia t ion , we re cl as s if ie d  a t  60 . 0  p e r c e n t  an d 5 3 . 3  
. �  
. 
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SO I L  NORMA L IZAT ION  OF CORN TRA I N I NG DATA 
BAND S 6 J 5 ., 7 AND 4 j .  30 J U NE 1974 
PERCENT OF CASES C LAS S I F I ED 
YOU NG MAT U R E  
G LAC I AL T ilL LOESS G LAC ! A L  T I  LL 
YOU NG 
G LAC I A L  T I LL 61 . 7  3 . 3  31 . 6  
LOESS 3 . 2  72 . 0  6 . 5 -
MATU RE  
G LA C I A L  T I LL 18 . 3  9 . 1  57 . 0  
A LLUV I A L  
BOTTOM LAND 4 . 4  6 . 6 1 5 . 5 
OVE RALL ACC U RACY = 66 . 53% C493 ) 
2 3 1  
ALLUV I AL 
BOTTOM LAND 
'j ''''lj 
3 . 3  
18 . 2  
1 5 . 4  . 
73 . 3  
T a b l e  4 7  
. SO I L  NORMAL I ZAT I ON BY K-C LASS ON CORN DATA 
30 J U N E  1974 
PERCENT CORRECT C LASS I F I CAT I ON 
BAND YOU NG MATU RE ALLU V I AL 
COMB I NAT I OH G LAC I AL T I LL C 60 )  LOES S ( 246 ) G L�C I AL T I LL C 14 2 )  BOTTOMLAND < 4 5 )  OVE RALL C 493 ) 
5 0 . 0  59 . 8  81 . 7  o,. o 53 . 34 
6 0 . 0 8 6 . 5 85 . 9  o . o  67 . 95 
7 o . o 56 . l  9LJ , 4 0 . 0  69 . 16 
4 & 6 48 . 3  80 . 5 68 . 3  26 . 7  68 . 15 
5 & 6 41 . 7 79 . 3  7 5 . 4  44 . 4 70 . 38 
5 & 7 46 . 7 77 . 2  75 . 4  40 . 0  69 . 57 
5 - 7 3 5 . 0  86 . l  58 . 4  o . o  64 . 09 
4 I 6 0 . 0  90 . 7  77 . 4 o . o 67 . 54 -
5 I 7 11 . 7 87 . 4  78 . 2  o . o  67 . 54 
5 ) 6 ) 7  40 . 0  78 . 9  76 . 0 40 . 0  69 . 77 
4 , 5 , 6 ) 7 60 . 0  78 , 9 66 . 2  53 . 3  70 . 58 
N 
w N 
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p e r ce n t  a c cura cy , r e s p e c t ively . This ban d  comb inat i on a l s o  r e s ul t e d  
i n  the highe s t ove ral l a c cu racy , 70 . 5 8 p e r cen� o f  any b an d  comb inat ion 
tha t was t e s ted . 
Accur a c y  o f  s epar a t ing s o i l s  from d i f fe ren t typ e s  o f  v e g e t a t ive 
cover us ing the BMD program are compa red on T ab le 4 8 . The excellent  
s e p ar a t i on o f  soils  wi th in th e gras s da t a  is  a t t r ib u t ed to the b ig d if­
f e ren ce in s o i l  proper t ie s  be tween soils on young gl a c i al t i l l  l an d­
s capes  and th o s e  lo ca ted on alluvial terraces . Cons ide ring the sma ll 
g r a in and co rn da ta where more uni form s o il s  are exam ined , the corn 
d a t a  s e ems to b e  inf luen ced more by soil  d i ff e ren c e s  than th e small 
gra in d a ta . This  may b e  d ue to the large amoun t o f  exp os e d  s o i l  in 
corn f i e l d s  and t o  the young ag e of the corn p lant s  o n  t h i s  d a t e . 
A compar ison o f  K- Clas s and the BMD p ro gram fo r s ep ara t in g  s o ils 
us ing co rn d a ta i s  given in Tab le 49 . L arge d i f f e re n ce s  ex i s t b e tween 
t he two cla s s i f ic a tion pro grams when Band 6 wa s cons i de red alone . 
Yo ung gla c i al t i ll so i l s  were re cogni zed a t  6 5% a c curacy b y  the BMD 
pro g r am �h i le K-c l a s s  could not reco gni ze them at a l l . The conve rs e 
o c curr e d  when the r e c o gni t ion o f  mat ure g l a ci al t i l l  s o i l s  i s  exam ine d .  
K- clas s iden t i f ied th i s  s o il group at 85 . 9  p e r cen t ac curacy and the BMD 
prog r am , analyz ing the s ame data , re cognized th i s  s o i l  c a t e go ry wi th 
o nly 1 0 . 6  p e r cen t  accu r a cy . The dif fe rence s  be tween the s e  two p ro g r ams 
d imini shed as mo r e  waveb and s we re in cluded in the clas s i f i c a tion p ro c es s .  
The K- cla s s  resul ts  were used as a t rain ing s e t  to c l as s ify the 
so ils o c curr ing in corn f ields acro s s  the f l igh t l ine . The s o i l  as s o cia­
t ion i d en t i f ied  by each pixel i s  clas s i fied b y  the l e t te r  p r i n t e d o n  
F ig ur e  9 6 , where the n or theas t quar ter of  Se c t i on 2 6 , Range 49  We s t , 
T ab l e  4 8  
CORN C BANDS 5, 6 , 7 )  
SMALL G RA I N  
<BANDS 4 , 5 , 6 )  
GRASS CBAND 4)  
SO I L  NORMALI ZAT I O�b BMD PROG RAM 
30 J U NE 1974 · 
PERCENT CORRECT C LASS I F I CAT I ON 
YOU NG MATU RE ALLUV I A L  ALLUV I A L  
G LAC I AL T I LL LOESS G LAC I AL T I LL BOTTOMLAND TERRACE 
55 . 0  70 . 7  54 . 9  77 . 8  
21 . 2  19 . 0  66 . 3  81 . 2  21 . 3  
78 . 1  60 . 0  
.::: 
OVERALL 
64 . 91 
33 . 20 
70 . 17 
N 
w +:--
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YOU NG 
G LAC I AL T I LL ( 60 )  
BAND C S )  K-CLASS BMD 
5 0 . 0 65 . 0  
6 ) 5 41 . 7 53 . 3  
5) 6 ) 7 40 . 0  55 . 0  
4 J 5 J 6 J 7  60 . 0  61 . 7  
SO I L  NORMA L I ZAT I ON OF CORN DATA 
30 JUNE  1974 
PERCENT CORRECT C LASS I F I CAT I ON 
MATURE  ALLUV I A L 
LOESS C 246 )  G LAC I AL T I LL C142 ) BOTTOMLAND C 45 )  OVE RALL C 493 ) 
K-CL/\SS BMD K-C LASS BMD K-C LASS BMD K �cu�ss BMD 
86 . 6 73 . 1  85 . 9  10 . 6  0 . 0 35 . 6  67 . 9  50 . l  
.. 
79 . 3  72 . 8  75 . 4  54 . 9  44 . 4  68 . 9  70 . 3  64 . 9  
78 . 9  70 . 7  76 . 0  54 . 9  4 0 . 0  77 . 8  69 . 7  64 . 9  
. .  
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Township 111 No r th i s  d i splayed . The so il  b ounda r i e s  o n  t h e  cl as s i­
ficat ion o utpu t an d s o il as s o ci a t ion map are comp ar ab l e . P oo rer r e ­
sul ts  were ob t a ined in the a r e a  o f  young g la cial t i l l  s o i l s , p r imarily 
due to the v a r i ab il i t y  in s o i l  develop e d  in this typ e of p ar en t  mat e ri­
al . The ex cellen t r e s u l t s  shown on Figure 9 6  ar e a t t rib u t e d  t o  b road 
lands cap e s  tha t  are a s s o ciated with the Kranzbur g  and L amoure s o i l  
as s o cia t i ons . 
F igu r e  9 6  
f J E  1/4.,  S E C  I 26 .,  R I  49W., T .  lllN 
B ROO l< I l�GS  COUfJTY j 30 J UNE 1974 
C LASS I F I CAT I ON 
K K K K K l< l< K K K K K K L L  
K K I< K K K  I< K K K  K K K K L  
K K K K K K K K K K K l< K K L  
K I< K K I< K K K  K K K  K K L  L 
K l< K K K l< K l< K K K K K LV 
l< K K K K K K K K K l<PVV L 
K I< K K K I< K K K  I< I ( L L  L L  
S YM B O L C A T E G O RY 
K = K R A N ZB U R G 
L = LAM O U R E  
V = V I E N NA 
P = P O I N S E TT 
SO I L  ASSO C I AT I ON MAP 
K 
S Y MB O L  A S S O C I AT I O N 
K = KRAN ZB U R G  
L = LAM O U R E  
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SUMMARY .A.l'ffi CON CLUS IONS 
A s tudy wa s under t aken dur ing the 1974  growing s e as on t o  de t e r ­
m i n e  t h e  inf luence o f  s o i l s  and vege tat ion on LANDSAT s p e c t ral s i gna­
tures . S p e c tr a l  d i f fe ren ces among s ix imp o r t an t  g l ac i al so il  as s o c i a ­
t i o n s  wer e inv e s t i ga ted thro ugh t h e  us e o f  mul t i- t empo ral Exo t e ch 
radiome teri c d a t a  and compu ter comp a t ible t ap e s  o f  two LAND SAT s cenes 
c o l l e c ted dur ing the 1 9 7 4  growing season . The B iomedical D i s cr iminate 
Analys is  program and K-Clas s we re used t o  d e term ine the i n f l uence o f  
so i l s  and vege t a t ion on t h e  spe ct ral r e f  le c tan ce s  o f  t h e  fo ur LANDSAT 
waveband s . 
Exo t e ch rad iome ter d a t a  were a u s e f ul tool  in the inte rp re t a t io n  
p ro ce s s  o f  LANDSAT d a t a . They provided a d ig i tal f o rm o f  g r o und t ruth 
tha t co uld be u s e d  t o  pred i c t  the s p e c tral nature of  the cat e go r i e s  
inve s tig a t ed . Rad iome t e r i c  da t a  demonstrated t h e  intr i ca t e  int e rr e ­
l a t ionships t�at  ex is t among s o i l s , vege t a t i on ,  and cul t ur al p ra c t i ce s . 
Temp o ral analy s i s  o f  the da t a  il lus trated the relat ionsh i p s among the 
r e f l e c t ance o f  the d i f fe ren t LAND SAT wavebands and pheno l o g i cal 
chang e s  in the vege ta tive cove r of  a par t i cular f ield . In t e ra c t ion 
amo ng s everal band s  seemed to b e  more sens i t ive t o  s ub t l e  d i f fe rences 
amo ng vege t a t ive c la s s e s  and changes wi thin a p a r t i cular type o f 
veg e t at ion than d id ind ivid ual wavebands . So il-p l an t  i n t e rrel a ti onship s 
were ev iden t among the da t a  o f  all vege tat ive clas s e s  during the 
analys i s o f  s everal date s o f  d a ta co llec t ion . 
Analys is  o f  LAND SAT d a t a  from Ap ril 19 , 19 7 4 , r ev e al e d  th a t  da t a  
co ll e c t ed e a r ly in the g r owing s e ason can b e  u s e d  to inv e n t ory acreages  
o f  cro p l and , gras s land , and o p en wate r . S oil d i f f eren ce s  on t h i s  dat e  
had mo r e  pronounced i n f l uenc e s  on the s p ec t ra l  prop e r t i e s  o f  g r as s ­
land than o n  cro p land . 
2 4 0  
Mul t is p e c t r a l  analysis o f  June 30 , 1 9 74 , LAND SAT d a t a  all owed the 
s ep arat ion o f  veg e t a t iv e  c a tego r ies  that co uld n o t  be s e p ar at e d  by the 
u s e  o f  one waveban d  a lone . A general i zed t ra ining se t ,  whi ch con t a ined 
d a t a  p o in t s  f rom each o f  the s i x  s o i l  a s s o c iat i ons , p ermi t ted r e cog� 
ni t io n  of  co rn , sma l l  gra ins , g r as s ,  and wat e r  ove r  the 1 2 , 9 5 0  he c t ar e  
tes t area a t a 9 4  p e r cen t ac curacy . Extrapol at ion o f  c ro p  e s t ima t e s  
from the tes t ar ea t o  the entire coun ty re sul ted in a 9 3 . 6  p e r ce n t  a c ­
cur at e  c rop inven tory fo r Brook ings County . 
Training d a ta then were s ep arat ed by veg e t a t ive ca t eg o ry and s o il 
d i f ferences w i t h in a s ingl e  cover typ e  we re inve s t i ga t ed . The mos t  
prono unced s o i l  d i ff eren ces were found among the corn d a t a  whe re s o il 
as so c ia t i ons cou ld b e  iden t i f ied corr e c tly 7 3  pe rcen t o f  the t ime . 
Re s u l t s  o f  t h i s  s tudy emphas i z e  that the a c cu r a c y  o f  veg e t a t ion 
inven t o r ies c an b e  in cr e as ed i f  so il influen ce i s  t aken in to cons id e r a­
t ion when u s ing LANDSAT d at a  fo r veg e t a t ion inven to r i e s . T r a in in g  dat a 
sho u ld be  s t ra t i f i ed b y  s o i l  a s s o ciat ion to mat ch the ext en t of s o i l s  
in t h e  tes t ar e a . A cons ide ra t i on o f  the int ens i ty o f  a vege t a t ive 
cl as s in e a ch s o i l  as s o c ia t i on in rel a tionship to i t s  s co p e  over the 
ent i r e  t es t  ar e a  should b e  made . 
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t e chn iqu es f o r s o i l  s urvey . So il S c i en ce S o c i e t y 
o f  Amer i ca ,  
P ro cee d ings 3 6 : 6 9 3- 6 9 5 . 
Gates , D .  M .  19 7 0 . Phys i ca l  an d p hy s io l o g i cal p r o p e
r t i e s  o f p l an t s . 
In r emo t e  s ens ing wi t h  spe cial r e ference t o  
ag r i cul t ur e  and f o r es try .  
N a t i onal Acad emy o f  S cien ce s , Washin g ton , D
. C .  
Al l d R Card enas 1 9 7 0 . Re f le ctance
 o f  
Gausman , H . W . , W .  A .  en , an · 
· 
c o t t o n  leaves and the i r  s t r u c t ure . Remo t e
 Sens i n g  o f  E nv i r onmen t 
1 : 1 5 5 - 1 5 9 . 
2 6 . 
2 7 .  
28 . 
Gausman , H .  W . , W .  A .  Al len , R .  Cardena s ,  and A .  J .  Ri cha r d s on . 
1 9 7 2 . E f f e c t s o f  l e a f  age f o r  f our growth s t ag e s  o f  c o t t on and 
corn p la n t s  on leaf r e f le ctan ce , s tr u c t ur e ,  t h i ckne s s ,  w a te r  and 
c?lor�p?yll
.
co nc en tr a t i o ns and s e l e c t i on o f  wav e l en g th s  for c ro p 
d i s cr imina t ion . P r e s ented at Conf erence on E a r th Re s ou r ce s  Ob ­
s erva t i ons and Inf orma t ion Ana lys is Sys tems 1 : 2 5- 5 1 . 
Ga usman , H .  W .  1 9 74 . Le a f  r e f le ct an ce o f  near i n f r a r e d  l ig h t . 
Pho to . Eng r . 4 0 : 1 8 3 -1 9 1 . 
' 
Gerbe rmann , A .  H .  , . H .  W .  Gau smann , an d C .  L .  Wie g an d . 1 9  7 1 . 
Co l o r  and co lo r infrared f i lm s  f or s o i l  iden t i f i c a t i o n . Pho t o . 
Engr . 3 7 : 35 9 - 3 6 4 . · 
2 9 . Gup ta ,  R .  K .  and J .  T .  Wo oley . 19 7 1 . S p e ct ral p r o p e r t ie s  o f  
s o ybean l e aves . Ag ro n . J .  6 3 : 1 2 3- 1 2 6 . 
2 4 3 
3 0 . Har a l i ck , R .  M . , F .  Cas pa l l , an d D .  S .  S imo ne t t . 1 9 7 0 . Us ing 
rad ar imag e r y f o r  c ro p  d i s crimina t i on : a s t a t i s t ic a l  and 
c o n d i t i onal p ro b ab i l i t y s t udy . Rem . Sens . of E nvironmen t  1 : 1 31 - 1 4 2 . 
3 1 . Hay , C .  M .  1 9 71 . Ag r i cul tur al inven tory te chni qu e s  wi t h  o rb i t a l  
a n d  high-a l t i tud e imagery . Pho to . Engr . 4 0 : 1 2 8 3 -1 2 9 3 . 
3 2 . Heilman , J .  L .  1 9 7 4 . The app l icat ion o f  ERT S- 1  mul t is p e c t ral 
imag e ry for c ro p  r e s o ur ce eval uat ion and inven t ory . Mas te rs 
the s i s , S o u th Dako ta S t at e  Un ivers i ty .  
3 3 . 
3 4 . 
35 . 
3 6 . 
3 7 . 
H i lwig , F .  W . , D .  Go o s en , an d 
r esul t s  o f  the inte rp r e t a t i on 
o f  the Me r i da Re g i on , S pain . 
p .  2 8 9 - 3 1 2 . 
D .  Kat s ieries . 1 9 7 4 . P r e l imina ry 
of ERT S - 1  imagery fo r a s o il s urvey 
Interna t i onal T ra ining Cen t e r .  
Ho ffer , F .  M . , Ho lme s ,  .R . A . , and R .  J .  Shay . 1 9 6 6 . Ve g e t a t iv e , 
s o i l , and pho tograph i c  fa c t o r s  af f e c t ing tone in ag r i cu l t ur a l  
remo te mu l t i s p e c t r a l  s en s i ng . Fo u rth S ymp . o n  Rem . S e n s . o f  
Enviro nment , Ap r i l  1 2-1 4 , 1 9 6 6 , p p . 115-1 3 4  . 
. Ho f f e r ,  R .  M .  1 9 6 7 . I n t e r pr e ta t ion o f  remo te mul t i- s p e c t ra l  
imagery o f  ag r i cu l t ur a l  cro p s . Re se a r ch Bulle t i n  8 3 1 , Vol . 1 . 
Purd ue Univer s i ty ,  L afaye t te , Indiana . 
Ho f f er , R .  M .  and c .  J .  Johanns en . 1 9 6 9 . E col og i ca l  p o t en t i al s  
i n  s p e c t ra l  s ignatures ana ly s is . I n  Phi �ip L .  J ohnson ( e d )  Rem� te 
S ens ing in E c o logy . Univer s i ty o f  Ge org ia P r es s ,  Athen s , Geo rg ia . 
Ho r to n , M .  L .  and J .  L .  He i lman . 1 9 7 3 .  Crop iden t i f i ca t i o n  us i ng 
ERT S  ima g e r y . Presen t e d  at NASA Symp o s ium on
 S ig n i f i can t  Res u l t s  
O b t a in e d  f ro m  ERTS - 1 ,  Mar c h  5 - 9 , 1 9 7 3 . 
2 4 4  
3 8 . Johns on , C .  W .  a n d  V.  B .  Co l eman . 1 9 7 3 . S em i - automa t i c  crop 
inve n t o r y  f r om s eq uen t ial E RT S - 1  imagery . P r e s en te d  at NAS A  
S ymp o s ium o n  S i gni f i can t Re s u l t s  Ob taine d f ro m  E RT S - 1 , Mar ch 5- 9 ,  
19 7 3 . 
3 9 . Knip l ing , E .  B .  1 9 7 0 . Phys i ca l  and phys i ol o g i cal b as i s  for the 
r e f l e c t ance o f  v i s ib l e  and nea r- in frared rad i a t i o n  f r om vege t a t io n . 
Rem . S en s . o f  Environmen t .  1 : 1 5 5-15 9 . 
4 0 . Kr is t o f , S .  J .  and M .  F .  B aumg ar dner .  1 9 7 0 . Chang es o f  mul t i­
s p e c tral s o i l s  p a t t erns wi th increas in g c r o p  cano py . LARS p r in t  
1 0 2 3 7 2 . 
4 1 . Kr i s t o f , S .  J .  1 9 71 . Airb o rne s cann ing s y s t e m  emp l o y e d  to s tudy 
e f f e c t o f  s ome s o i l nu t rien t s  on rad iat ion char a c t e r i s t i c s  of corn 
p lan t s  ( z e a may s ) . Pres en ted a t  the Th ir d B ienn i al Wo rkshop on 
Co l o r  Aer i al Pho t o g raphy in P lan t S cien ce s , Mar ch 2 - 4 , 1 9 7 1 , 
Cainsv i l l e , Flor i da . 
4 2 . Kr i s to f , S .  J .  
s canner d a t a . 
1 9 7 3 .  Map p ing s o i l  f e a tur e s  f r o m  mu l t i - s p e c t ra l  
Pho t o . Engr . 4 0 : 1 4 2 7- 1 4 3 7 . 
4 3 .  L e amer , R .  S . , D .  A .  Web e r , and C .  L .  Wi egand .  1 9 7 5 . P a t t e rn  
r e co gn i t i o n  o f  s o i l s  and crop s  from s pac e . Pho t o .  E ngr . 4 1 : 4 7 1 -4 7 8 . 
4 4 . L ewis , D .  T . , P .  M .  S eevers , an d J .  V .  Drew . 1 9 7 5 . Us e o f  s at e l ­
l i te image ry t o  de l ineate s o i l asso ci a t i on s  i n  th e S and H i l l s  
r eg i on o f  N eb r as k a . S o il S cien ce So cie ty o f  Ame r i -c a  P ro ce e din g s  
3 9 : 3 30- 3 3 5 . 
4 5 . Luney , P .  P .  an d H .  W .  Dill , Jr . 1 9 70 . Us e s , p o t en t ial i t ie s , 
and n eed s in agr i cu l t ur e  an d f o res t ry . In Remo t e  S en s i ng W i th 
s p e c ia l  r e f e r e n ce to agr i cu l t ure and for e s t ry . N a t ional A cademy 
o f  S c ien ce s , Washing to n ,  D . C .  p .  1- 33 . 
4 6 . Ma thews , H .  L . ,  R .  L .  Cunningham , J .  E .  C i p r a , and T .  R .  Wes t .  
1 9 7 3 . Ap p l i ca t i on o f  mu l t i s p e c t r al remo t e  s en s ing t o  s o il survey 
r e s ear ch in s o ut heas te rn Penn s y lv ania .  S o i l  S ci en ce S o c i e ty o f  
Ame r i c a  P r o c e ed ings 3 7 : 8 8 -9 3 .  
4 7 . Mo ra in , S .  A .  and D .  L .  Wi l l iams . 1 9 7 3 . E s t im a t e· o f winter wh ea t 
yield f r o m  E RT S - 1 . P r e s en t ed a t  Th ird E ar th Re s o ur c e s  T e chno l ogy 
S a t e l l i t e - I  S ymp . ,  De c emb e r 1 0-1 4 ,  1 9 7 3 . 
4 8 . Mun s e ll S o i l  Co l o r  Char t s . 1 9 5 4 . Muns e l l  C o l o r  C omp any ,  I n c . , 
B a l t imo r e , Md . 
4 9 . Myers , v .  i .  a n d  W .  A .  Allen . 1 9 6 8 . Ele c t ro o p t i c a l  r emo te s ens ing 
m e tho ds as nonde s tru c t ive te s t ing and measur ing t e chniqu e s  in ag ri­
cul t ur e .  App l ied Op t i c s  7 : 1 8 1 9 -1 8 3 7 . 
2 4 5  
5 0 .  Myer s ,  V .  I .  1 9 7 0 . S o i l , wa t e r , and p lan t r e l a t i on s . I n  Remo te 
s ens i ng w i t h  s p e cial reference to agr i cul tur e  and f o re s try . 
Na t i on a l  Aca d emy o f  S cien ces , Wash ing t o n , D . C  . 
.5 1 . Myer s , V . I . , F .  C .  We s ti n , M .  L .  Hor to n , and J .  K .  L ewi s , 1 9 7 4 . 
5 2 . 
S o i l  inf lue n c e s  in crop id ent i f i cation . In E ff e c t ive u s e  o f  ERT S  
mul t i s p e c t ra l  d a t a  in t h e  Nor the rn Gre a t  P l a in s . Remo t e  Sen s ing 
Ins t i t u t e , S o u t h Dako t a  S t a te Unive rs i ty . 
O denyo , V .  A .  and R .  H . Rus t .  1 9 7 5 . App l i ca t i o n  o f  d ens i ty 
s l i c ing t e chniques to so i l  survey . S o i l  S cien ce S o c ie ty o f  
Amer i ca P ro c e e d iµ&s 39 : 3 1 1 � 3 1 5 . 
5 3 . Orlov , D .  S . ,  Dokl . 1 9 6 6 . So i l  S cien ce Numb·e r 1 3  s u p p l emen t . 
5 4 . P arks , W .  L .  and R .  W .  Bodenhe imer . 1 9 7 3 . Del ine a t ion o f  maj o r  
s o i l  as s o c ia t i ons u s ing E RT S - 1 imag ery . P re s en t ed a t  NAS A 
S ymp o s ium o n  S ignif i can t  Re sul ts Ob t a ined b y  E RT S - 1 , Mar ch 5 -9 ,  
1 9 7 3 . 
5 5 . Parks , W .  L . ,  J ,  I .  S ewel l ,  J .  W .  H i lty , and J .  C .  Renn ie . 1 9 74 . 
U t i l i z in g  ERT S imag e ry to d e t e c t  p l an t  d i se as e s  and nut r i en t  d e­
f i cien c i e s , s o il typ es an d s o i l  mo i s tu re l ev el s . T y p e  I I I  repo r t 
f o r  Sep t emb e r  2 9 , 1 9 7 2 -Mar ch 1 ,  1 9 7 4 , Unive r s i ty o f  Tennes s e e . 
5 6 .  Pe t er so n ,  J . B . , F .  E .  Good uck , and W .  N .  Melho r n . 1 9 7 5 . Del ine a­
t ion o f  the b o und aries o f  a b ur ied p r e - g l a c i a l  val l e y  w i th LANDSAT - 1  
d a t a . P re s en t ed a t  NA SA Ear th Resou r ce s  S u r vey Symp o s ium ,  June , 19 7 5 . 
5 7 . P e t t er s s en ,  S .  1 9 6 9 . I n t r o d u c t ion t o me t e o ro lo g y . McGraw-H i ll 
Boo k  Co . ,  New Yo rk , N .  Y . , p p . 2 6-5 2 . 
5 8 .  P e t t in g e r , L .  1 R . , A .  S .  Benson , and W .  C .  Draeger . 1 9 7 1 . Gro un d  
d at a  co l l e c t i on and us e--es s en t ial componen t s  o f  a n  a gr i cu l t ural 
r e s o u r ce s u rv e y . P ho to . Engr . ,  Nov emb e r ,  1 9 7 1 . 
5 9· . Phys i c a l S c ience S t udy Comm i t tee . 1 9 6 8 . C o l lege Phys i c s . 
Ray t ho en Ed ucat i on C omp any , Uni t ed S t a t e s  o f  Ame r i ca , p p . 6 84 - 6 8 6 . 
6 0 . P iech , K .  1 9 7 4 . I n te r p r e t a t ion o f  s o il s . Pho t o . E n g r . 1 : 8 7 �9 4 . 
61 . Plane t ,  W .  G .  1 9 7 0 . S ome Commen ts on re f l e c t an ce me asur emen t s  o f  
we t s o i ls . Rem . S ens . o f  the Environmen t 1 : 1 2 7- 1 2 9 . 
6 2 . Qua ckenbu sh ,  R .  S .  1 9 6 0 . Development o f  p h o t o  int e r p r e t a t i on . 
In Man ua l o f  p ho t o g rap h i c  int erp r e t a t i o n . Amer . S o c . o f  Pho to . ,  
Washing t o n , D . C . ,  pp . 1 - 1 8 . 
6 3 . S af ir ,  G .  and W . . Me ye rs . 1 9 7 3 .  App l i c a t i on o f  E RT S -1 d a t a  t o  _ the 
analys i s  o f  a g r i cu l t ur al c ro p s  and f o r e s t s  in Mi ch i g an . P res ented 
at NASA S ympo s itml o n  S ign i f i can t  Re su l t s  Ob t a ined f ro m  E RT S - 1 , 
Mar ch 5 - 9 , 1 9 7 3 . 
2 4 6  
6 4 . S imakova , M .  S .  1 9 5 9 . S o i l  map p ing b y  co l o r  a e r ial pho t o graphy . 
Acad emy o f  S ci e n c e  o f  the U S S R ,  Mo s cow (Engl i sh t r ans l a t io n  I s real 
p r o g r am ca t . no . 2 0 6 0 ) . 
6 5 . S o il S u rvey S t a f f . 1 9 5 1 . S o il S u rvey Manual , US DA Ag r i cu l t ural 
han dbo ok no . 1 8 ,  pp . 1 8 9 - 2 03 . 
6 6 . S o i l  S u rvey S t a f f . 19 66 . Aer ial-pho to interp r e t a t io n  in c la s s ify­
ing and mapp ing s oi l s . U SD A  Agr i cul tural h an d b o o k  no . 2 9 4 , p p . 1 - 5 7 . 
6 7 . S to ner , E. R . , M .  F .  B aumg ardne r , and P .  H .  Swain . 1 9 7 2 . De t e r­
mining d ens i t y  o f  maize c an o p y . LARS p r in t  1 11 1 7 2 . L ab o ra t o ry 
o f  App l i c a t i ons o f  Remo t e  S en s ing . 
6 8 . · Taylo r , S .  A .  and G .  L .  As h cr o f t . 1 9 7 2 . Phys i c a l  e d apho l o g y . 
W .  H .  Fr e eman and Co . ,  S an Fran ci s co ,  Cal . ,  p p . 2 9 -4 4 . 
6 9 . Thomas , J .  R . , V .  I .  Mye rs , M .  D .  He ilman , and W i e g an d . 1 9 6 6 . 
Fa c t or s af f e c t ing l i g h t  r e f l e c t an ce of co t t on . P ro ceed ings o f  
f o u r th S yrop . o n  Rem . S en s , o f Enviro nmen t .  Un iver s i ty o f  Mi chigan , 
Ann Ar b o r . 
7 0 . T ue l l er , P .  and G . L o rain . 1 9 7 3 . E RT S - 1  eval ua t io n s  o f  n a tu r a l  
r e s o u r c e s  manag ement app l ic a t i on i n  t h e  g r e at b a s in . P r e s en t e d  
a t  NAS A  S ymp o s ium o n  S ign i f i cant Re s ult s Ob t a i n e d  f ro m  E RT S - 1 , 
Ma r ch 5 - 9 , 1 9 7 3 . 
7 1 . U . S . Dep ar tmen t o f  Comme rc e . 1 9 7 4 . Clima t o l o g i c a l  d at a . N a t ion al 
o ce an i c  2nd a tmosph e r ic admini s tra t i o n ,  Envir onmen t al d a t a  s ervi ce , 
S o u t h  Dako t a  annual summary 1 9 7 4 ,  v o l . 7 9 , no . 1 3 . 
7 2 . Wagne r , T .  W .  1 9 7 1 . Mu l t i s pe ct r a l  r emo t e  s en s ing a s a s urvey s y s ­
tem f o r  ma pp ing s o i l  and s o i l  cond i t i ons . Mas t e r ' s thes i s , 
Univ e r s i ty o f  Mi ch i g an , Ann Arb o r . 
7 3 . We s t in ,  F .  C . , G .  J .  B un t l ey , F .  E .  Shub e ck ,  L .  F .  Puhr , an d N .  E .  
B e rg s t r e s e r . 1 9 5 8 .  S o il Survey o f  B r o ok ing s C oun t y ,  S o uth D ako t a  
B u l l e tin no . 4 6 8 .  SD SU Ag r i c
.
u l tural Exp e rimen t S t at io n , B r oo k ing s 
S o u t h  Dako t a . 
7 4 .  We s tin , F .  C .  1 9 7 3 . ERT S -1 MS S ima g e ry : I ts use in d e l ine a t ing 
s o i l  as s o c i a t i ons an d as a b as e  map fo r p ub l is h ing s o i l s  info rma­
t io n . P re s en t ed a t  Th i r d  E ar th Re s our ces T e chno lo gy S a te l l i t e -1 
S ymp . , De cemb e r  10- 1 4 , 1 9 7 3 . 
7 5 . Wes t in ,  F .  C . ,  C .  J .  Fra ze e , and V .  I .  Myers . 1 9 7 5 . LANDSAT - 1  
d a t a , i t s  us e in a s o i l  s urvey p r o g ram . P re s e n t e d  a t  NASA Ear th 
Res o u rc es S u rvey Symp . ,  June , 1 9 7 5 . 
7 6 . Whi t e , H .  E .  1 9 7 1 . Des cr i p t iv e  C o l le g e  P hy s i c s . D .  Von No s t rand 
Company , New Yor k ,  New Yo rk . 
7 7 . W ig ton , W .  H .  an d D .  H .  Von S tien . 1 9 7 3 . C rop i d e n t i f i c a t io n  
and a cr e a g e  measuremen t u t i l i z ing ERT S  imag e ry . P r e s en t e d  a t  
Thir d E ar th Re s our ces T e chno l o gy S at e l l i te - I  S ymp . ,  De cemb e r  
1 0- 1 4 , 1 9 7 3 . 
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7 8 . W i l l iams , D . , S .  Mo r a in ,  B .  B arker , and J .  C oine r . 1 9 7 3 . I den t i­
f ic a t i on o f  win te r whe a t  from ERT S - 1  imag e ry . P r e s en te d  a t  NASA 
Sympo s ium o n  S igni f ic an t  Re s u l ts Ob t aine d f rom ERT S - 1 , Mar ch 5 - 9 , 
1 9 7 3 . 
7 9 . Y as s o g l ou , N .  J .  1 9 7 3 . App l i ca t i on o f  ERT S - 1  imagery to l and u s e , 
f o r e s t d en s i t y ,  acyd so il inve s t i ga t i ons i n  Gree ce . Pres ented at 
Thi r d Ear t h  Re s o ur ces Technolo gy S a t e l l i te-I Symp . ,  De cemb e r  1 0 -1 4 , 
1 9 7 3 . 
8 0 . Z a chary , A .  L . ,  J .  E .  Cipr a , R .  J .  D id e r i ck e r so n ,  S .  J .  Kr i s t o f , 
a n d  M .  F .  B a umg a r dne r .  1 9 7 0 . Mu l t i s pe c t r a l  r emo t e  s en s ing f o r  
so i l  s urvey in Indiana . LARS p r in t 1 1 0 9 7 2 . 
Tab l e  1 
TRA I N  H�G S I TES 
APR I L  19 ) 1974 
LOCAT I ON OF  NW MAT R I X ON 
SURFACE CLASS PO I NT ON TAPE  PR I NTOUT S I TE  # 
COL L IN E  COL L I NE  
C LEAN PLOW I NG 1 1 0 5  1 4 9 0  4 2 2 8  
1 1 0 7  1 4 9 6  4 2 t 2 9 
1 1 0 9  1 5 0 0  4 2 3 0  
PAS TURE , M I XE D  1 1 1 5  1 4 8 6  4 4 2 7  
G ROWTH 1 1 2 3  1 4 8 6  4 4 2 6  
1 1 4 1  1 4 8 2  4 4 2 1  .. 
. G ROW I NG VEG . 1 1 3 1  1 4 8 0  i 2 2 2 3  
1 1 3 3  1 4 8 4 2 2 2 4  
1 4 3 3  1 4 4 2  2 2 
ALTERE D  STUB B LE 1 2 8 1 1 4 6 4  2 2 6 
( D I SKED  OR  CH I S L E D ) 1 2 5 9  1 4 6 6 2 2 1 0  
1 2 5 5  1 4 6 8  2 2 1 1  
PASTURE , DORMANT 1 1 3 5  1 4 8 8 2 2 2 5  
1 2 7 1  1 4 6 6  2 2 7 
1 2 6 5  1 4 6 6  2 2 9 
WATER . 8 8 5  1 5 0 8  2 2 
8 9 1  1 5 0 8  2 2 




Tab l e  2 TRA I N I NG S I TES 
APR I L  19)  1974 
SURFACE C LAS S L O CAT I ON OF NW 
PO I NT ON TAP E 
COL L I NE 
PLOW I NG 1 1 0 5  1 4 9 0  
1 1 0 7  1 4 9 6  
1 1 0 9  1 5 0 0  
GROW I NG VEGE TAT I ON 1 1 3 1  1 4 8 0  
1 1 3 3  1 4 8 4  
1 4 3 3 1 4 4 2  
.. 
DORMANT VEG E TAT I ON 1 2 8 1 1 4 6 4 
1 1 3 5  1 4 8 8  
1 1 7 5  1 4 8 2  
WATER 8 8 5  1 5 0 8  
8 9 1  1 5 0 8  
8 8  7 1 5 1 2  . 
MAT R I X ON 
P RI NTOUT 













S I TE  # 
2 8  
2 9  
f 
3 0  
2 3  
2 4  
2 1  
6 
2 5  




2 5 0  
T ab l e  3 
B ROO K I N G S  F L I GHTL I NE 
TRA I N I NG DATA 
JUNE 3 0 , 1 9 7 4  
RS I TAPE 
S I TE # SURFACE L I NE # COLUMN # PO I NT S  
c l  c o rn 4 3 6 - 4 4 1 2 4 7 - 2 5 6  6 0  
c 2  c o r n  4 0 0 - 4 0 6 4 2 1 - 4 2 7  4 9  
c 3  c o r n  3 9 3 - 4 0 1  4 6 5 - 4 6 9  4 5  
c 4  c o rn 3 7 2 - 3 7 8  5 3 6 - 5 4 5 7 0  
c s  c o rn 3 8 1 - 3 8 8  5 4 0 - 5 4 8 7 2  
-
c 6  c o rn 3 6 9 - 3 7 4 5 6 3 - 5 7 4  7 2  
c 7  c o r n  3 8 7 - 3 9 1  5 6 9 - 5 7 9  5 5  
· ! . .  
c 8  c o rn 3 4 7 - 3 5 3  6 9 8 - 7 0 7 7 0  
o l  o at s  4 1 4 - 4 1 9  2 6 8 - 2 7 7  6 0  
o z  o at s  4 1 7 - 4 2 1  3 3 8 - 3 4 2  2 5  
o 3  o a t s  3 9 3 - 3 9 7  4 8 8 - 4 9 5  4 0  
o 4  o a t s  3 4 8 - 3 5 0 6 3 5 - 6 6 4  3 6  
o S  o at s  3 5 5 - 3 5 7  6 7 2 - 6 8 2  3 3 . 
0 6  o a t s  3 6 4 - 3 6 8  6 8 9 - 6 9 8  s o  
o 7  o at s  3 3 3 -· 3 3 8  7 2 4 - 7 3 1 4 8  
0 8  o at s  3 5 0 - 3 5 7  7 3 5 - 7 3 7  2 4  
o 9  o a t s  3 3 9 - 3 4 4  7 5 4 - 7 6 1  4 8  
o l O o at s  3 5 4 - 3 6 0  7 7 2 - 7 7 6  3 5  
o l l  o at s  3 3 4 - 3 4 1  8 9 2 - 9 0 1  8 0  
0 1 2  o a t s  3 5 0 - 3 5 7  5 2 8 - 5 3 0  2 4  
S I TE # 
g l  
g 2  
g 3  
g 4  
g S  
g 6  
g 7  
w l  L ak e  
w 2  L ake 
w 3  Lake  
w 4  L ake 
SURFACE L I NE # C OLUMN # 
g r a s s  4 1 9 - 4 2 4  3 0 1 - 3 0 7  
g r a s s 4 1 7 - 4 2 4  3 1 2 - 3 2 1  
g r a s s 3 9 7 - 4 0 3 . 3 1 8 - 3 2 9  
g r a s s  3 9 3 - 3 9 9  3 4 4 - 3 5 4  
g ra s s 3 8 1 - 3 8 8 4 8 2 - 4 9 1  
g ra s s .. 3 7 9 - 3 8 5  4 9 6 - 5 0 4 
g ra s s 3 4 5 - 3 5 1  8 3 8 - 8 4 8  
Mi t che l l  4 0 5 - 4 1 4  2 3 9 - 2 4 8  
O akw o o d 3 4 5 - 3 5 4 3 7 5 - 3 8 4  
Te t onkaha 3 3 5 - 3 4 4 3 1 3 - 3 2 7  
T e t onkaha 3 5 2 - 3 6 1  3 4 0 - 3 5 4  
SUMMARY O F  TRA I N I NG DATA 
c 1 - 8  c o rn 
o 1 - 1 2  o at s  
g 1 - 7  g r a s s 
w 1 - 4  wat e r  
4 9 3  p o int s 
5 0 3  p o in t s  
5 0 3  p o int s 
5 0 0  p o i nt s 
2 5 1  
PO I NT S  
4 2  
8 0  
8 4  
7 7  
8 0  
6 3  
7 7  
1 0 0  
1 0 0 
1 5 0  
1 5 0  
Ta b l e 4 
S ITE 
NUMB E R  L O C AT I ON 
K l  S e c  2 5 , R 
K 2 S e c  2 S , R 
K 3 S e c  3 0 , R 
K 4  S e c  1 9 ,, R 
K S  S e c  2 4 · ' R 
K 6  S e c  , 2 4 '  R 
V o 7 S e c  2 4 , R 
Vo 8 S e c 2 4 , R 
Vo 9 S e c  2 4 , R 
K l O S e c  2 3 , R 
K l l S e c  2 3 ,  R 
E s t 1 2 . S e c  2 3 , R 
E s t 1 3  S e c  2 3 ,  R 
K 1 4  S e c  2 3 , R 
K l S  S e c  2 2 '  R 
K 1 6  S e c  2 1 , R 
K 1 7 S e c  2 1 , R 
L 1 9 S e c  2 0 , R 
1 2 0  S e c  1 9 , R 
1 2 1  S e c 1 9 , R L : 2  S e c 3 0 , R 
. · 1  , 1  
AP R I L  1 9 , 1 9 7 4 
EXOTE CH I N  P E RCENT 
4 5 .  6 7 
s o  
s o  
s o  
4 9  
s o  
s o  
5 0  
s o  
S' O 
s o  
s o  
s o  
s o  
s o  
s o  
s o  
s o  
s o  
s o  
s o 
s o  
I '  
/ ,  
C O ND I T I O N 
T - 4 c  s m a l l 
T - l c b a r e  
T - 2 c  b a r e  
T - 3 c  s m a l l  
g r a i n 
g r a i n  
T - 1 O a t / b a r e  
T - 2 O a t / b a r e  
P a s t u r e  
P a s t u r e  
P a s t u r e  
T - 2 o a t s  
.T - 3 c  � s m a l l  g r a i n 
T - 2 o a t / b a r e  
P a s t u r e  
P a s t ur e  
Al f a l f a - b r om e  
T - 3  o a t / b a r e  
P a s t u r e  
7 .. 2 c  b a r e  
T - 3 t  b a r e 
P a s t u r e  
P 0 s t u : e  
T a b l e  5 
MAY 2 5 ,  1 9 7 4  
E X OT E C I I  _ I N  P E RC ENT 
S I T E 
NUMB E R  LO CAT I ON 4 5 6 7 COND I T I ON 
P w l NW - 2 8 - 5 2 4 .  9 7 1  6 . 0 8 3  1 4 . 9 0 5  2 0 . 1 2 4  O a t s - 8 cm . , E - W r ow s . 
Pw 2 S E - 2 8 - 5 2  3 . 5 0 1  4 . 4 1 7 7 . 3 2 0  7 . 4 5 0  B a r e , f r e s h l y t i l l e d  
Pw 3 N E - 2 8 - 5 2  4 . 8 0 5  4 . 7 5 0 1 3 . 7 2 8  1 9 . 1 4 9  O a t s  - 9 cm . 
Pw4 S E - 2 7 - 5 2  4 . 1 1 9  5 . 9 6 5  9 . 3 1 6  1 2 . 8 0 1  B ar e , c ru s t e d  
s P w 5  SW - 2 8 - 5 2  5 . 9 9 5  6 . 2 5 0  3 8 . 2 6 2  5 5 . 1 2 5  A l f a l f a - 4 0  cm . , e x c e l l c n 1  P w 6  S W - 2 1 ..:  5 2  3 . 7 8 7  3 . 3 5 9  2 7 . 3 5 0  3 6 . 1 4 5  Al f a l f a - 3 6  cm . 
P B l  NE - 2 9 - 5 1 4·, 3 8 5  3 . 6 6 2  1 7  . 1 1 1  2 2 .  0 8 -8 Oa t s  - 1 5  cm . , E - W r ow s.  
P B 2  NE - 2 9 .- 5 1 3 . 9 2 9  3 .  7 1 4  1 7 . 8 1 6  2 1 . 5 0 5  G r a s s - 1 1  cm . , g r a z e d 
P B 3 N E - 3 0 - 5 1 4 . 5 2 7  2 . 2 9 2  1 3 . 5 2 5  1 7 . 0 2 9 Wh e a t  - 1 2  c m . , E - W r o w s  
P B 4 N E - 2 5 - 5 2  2 .  2 5  7 2 . 6 5 1  4 . 4 2 9  5 . 1 1 8  C o rn -. f r e s h l y t i l l e d  
P B S S E - 2 6 - 5 2 ' 3 . 9 6 1  4 . 3 1 7 1 2 . 3 4 2  1 5 . 5 2 5  G r a s s  - 1 2  cm . , g r a z i n g 
P B 6  N E - 2 7 - 5 2  4 . 1 0 7  4 . 9 8 9  7 . 0 2 7  9 . 1 0 2  B ar e , e r o d e d  
F l  N E - 2 4 - 5 1 4 . 0 3 3  3 . 4 2 5  2 0 . 4 6 3  2 7 . 7 8 8  Rye - 1 0 8  c m . , N - S  r ow s  
F l  N E - 2 4 - 5 1 3 . 9 0 6  3 . 3 2 8  1 5 . 3 7 6  1 8 . 8 8 7  Rye - 8 2  cm . , N - S  r o w s  
F 3  NE - 2 4 .- 5 1 3 . 9 4 9  3 . 8 3 5 1 9 . 66 0 2 3 . 6 1 9  Ry e - 8 2  c m . , N - S  r o w s  
F 4  S W - 2 4 - S·l - 3 . 6 0 2  3 . J. 5 0  2 0 . 1 5 3  2 9 . 3 7 1  G r a s s  - 3 2  cm . 
F 5  NW - 2 4 - 5 1  2 . 1 2 6  2 . 5 0 0  3 . 9 8 1  4 . 7 6 1  I3 a r e  
F 6  NW - 2 4 - 5 1 3 .  7 7  3 3 . 3 7 5  1 2 . 9 3 9 1 6 . 4 3 5  Oa t s  - 8 cm . , E - W  r ow s  
F 7  SW - 2 5 - 5 1 3 . 7 5 4 3 . 3 9 4  • 1 4 . 8 7 4 1 9 . 3 5 5  O a t s  - 1 8  c m . , N - S  r o w s  '! : 
F 9  SE - 2 4 - 5 1 3 . 9 6 7  3 . 4 1 3  1 8 . 9 7 7 2 4 . 8 9 4  G-r ::i. s s  - ?. s c m . 
L l  S E -. 2 0 - � 0 4 ; 3 2 9 2 . 8 9 9  2 5 . 9 2 6  3 5 . 5 5 6 A l f a l fa - 4 0  c:- m . 
T ? ..U - S E - 2 J - 5 0 5 . 1 9 2  4 . 3 1 9  2 0 . 6 2 9 2 6 . 4 8 1  G r a s s - 7 - 1 4 c m . 
1 3  SW - 2 3 - 5 0  3 . 8 2 1  3 .  2 1 1 1 3 . 0 7 1  1 4 . 4 2 5  O a t s  - N - S  row s , 1 7  cm . 
L 4  SW - 2 4 - 5 0 2 . 6 6 9 3 . 5 2 5  5 . 8 4 9  7 . 3 3 9 B a r e  ' d ry 
L S  N E - 2 9 - 5 0 5 . 5 7 0 3 . 6 3 6  2 6 . 3 9 5 2 6 . 1 6 2  G r a s s  - 7 - 2 4 cm . 
1 6  S E - 3 0 - 5 0 4 . 7 7 7  5 . 3 7 5  1 1 .  5 6 1  1 4 . 0 0 9  O a t s - 9 cm . , w e e d y _ 
1 8  NW - 2 4 - 5 0 5 . 8 2 7  4 . 8 1 5  8 . 8 8 9 1 0 . 1 9 6  B a r e , we e d y  
K l  NW- � 5 - 5 0  5 . 7 9 1  5 . 5 5 6  1 6 . 3 6 4  2 0 . 8 3 9 B a r l ey - 1 8 c m . , E - W r o w s  
K 2  NE - 2 5 - 5 0 4 . 0 9 8  4 . 6 3 2  8 .  7 1 1  1 0 .  9_ 2 1 B a r e ,  c r u s t e d  
K 3  SW -- 1 9 - 4 9 5 . 7 0 8  4 . 9 0 2  1 9 . 0 1 2  2 1 .  2 1 2  O a t s  - 2 0  c m . , E - W r o w s  
K 4  sw - 2 1 -. 5 0 5 . 0 9 9  5 . 6 1 0  9 . 2 1 4 1 1 . 1 7 5  B a r e , we e dy 
K S S\'l - 2 1 - 5 0 4 . 6 9 0  3 . 2 9 4  2 6 . 2 5 6 3 5 . 3 1 1 Al f a l fa - 3 1  cm . 
K 6  NW - 2 0 - 5 0 3 I 8 1 3 3 . 1 9 6 2 5 . 1 6 7  3 5 . 1 3 5  Al f a l f a - 3 2 - 4 3  cm . 
T a b l e  6 
JUNE 1 2 ' 1 9 7 4  
E X OT E C J-I I N  P E RCENT 
S I T E 
NUM B E R  LOCAT I ON 4 5 6 7 C OND I T I ON 
Pw l SW - 2 2 - 5 2  5 . 1 9 8  4 . 2 8 8  2 6 . 6 1 7  3 5 . 8 9 7  O a t s - 3 6 - 4 3  cm . 
P w 2  S E - 2 1 - 5 2 6 .  7 6  7 9 . 1 5 0  1 2 . 6 4 3  1 5 . 6 2 9  C o r n  - 1 0  cm . 
Pw 3 SE - 2 1 - 5 2  4 . 5 5 0  4 . 1 0 3  3 2 . 7 8 4  4 9 . 4 9 5 O a t s - 4 3  cm . 
P w S S E - 2 1 - 5 2 4 .  5 2 6  4 . 1 1 3  2 7 . 1 6 0 4 4 . 9 7 0
' 
A l f a l f a  - 6 8  cm . , c u t t i n g  
P w 6  S E - 2 1 - 5 2  4 . 1 9 5  3 . 3 0 9  3 1 . 6 4 4  4 8 . 1 9 7  A l f a l f a - 7 3  c m . 
P B l  SE - 2 1 - 5 2  5 .  7 5·6 6 . 8 1 5  3 7 . 1 7 2  3 5 . 6 3 6  O a t s  - 4 3  cm . 
P B 2 SW - 1 9 - 5 1 9 . 8 4 5  1 1 .- 3 6 8  2 0 . 3 0 1  1 9 . 7 6 7  C o r n  - em e r g ing 
P B 3  SW - 1 9 - 5 1 4 .  �5 5 1  3 . 7 6 1  2 4 . 0 9 3  . 3 3 . 5 7 2  W h e a t  - 2 3  cm . 
P B 4  N E - 2 5 - 5 2  4 . 9 8 3  5 . 7 2 4 9 . 7 0 7  1 1 . 4 2 4  C o r n  - 2 0  cm . 
P B S  NE - 2 5 - 5 2  5 . 3 7 6  6 . 1 2 0  1 5 . 8 5 7  2 1 .  4 0 3  G r a s s - 1 3 - 2 0 c m . 
P B 6  S E - 2 0 - 5 2  6 . 8 8 3  8 . 1 9 7  1 1 . 6 1 2  1 8 . 1 7 5  C o rn - 1 1  cm . 
F4 S E - 2 0 - 5 2 3 . 3 7 4  3 . 3 1 5  2 5 . 3 6 9  4 6 . 0 7 8  B r o m e  - 8 0  c m . 
F 5  S E - 2 5 - 5 1  4 . 5 9 1  3 . 7 3 9 2 5 . 0 5 1  3 1 . 3 3 3  F l a x - 2 0 - 2 8  c m . 
F 6  S E - 2 5 - 5 1 5 . 2 0 0  5 . 5 7 7  8 . 9 5 1  1 0 . 5 0 6  C o r n  - 1 0  cm . 
F 7  N W - 3 0 - 5 0 3 . 5 5 2 3 . 0 1 7  l G . 0 3 8  2 0 . 5 7 1  O a t s - 3 5  cm . 
F 9  NW - 3 0 - 5 0  3 . 2 7 2  2 . 8 4 3  1 9 . 2 8 6  2 6 . 3 5 7  B r o m e  - 7 5  cm . 
F l O  S E - 1 9 - 5 0 - 4 . 4 9 4 4 . 5 8 1 8 . 4 2 5  8 . 7 8 6  S o yb e a n s  - 3 cm . 
1 1  S E - 1 9 - 5 0  4 . 0 9 3  6 . 0 2 5 1 2 . 5 9 2  1 2 . 5 9 2  A l f a l f a  - 7 cm . , c u t  
1 2  S E - 1 9 - 5 0 4 . 3 2 9  5 . 5 0 0  1 6 . 8 7 3  3 7 . 2 4 8  B r o m e  - 1 5  c m . , g r a z e d  
1 3  S E - 1 9 - 5 0  3 . 7 8 9  2 . 6 2 0 • 2 3 . 9 3 4  3 1 . 5 9 7  O a t s  - 4 8  cm . , v e r y  we e d y  :!: :··1 1 4  S E - 1 9 - 5 0 3 . 6 8 6  3 . 7 5 4  6 . 2 2 5  6 . 5 8 0  B a r e  
L S  S E - 1 9 - 5 0 2 . 9 0 5  4 . 4 6 1 1 5 . 9 2 2  1 6 . 3 4 9  G r a s s - 3 3  cm . 
1 6  S E - 3 0 - 5 0 4 . S 1 4 3 .  9 1 1  2 7 . 0 3 9  3 7 . 0 3 7  O a t s  - 3 5  cm . 
1 8  S E - 3 0 - 5 0 4 . 0 4 7  4 . 3 1 4  6 . 4 9 4  6 . 7 8 7  C o r n  - 8 cm . 
K l  S E - 3 0 - 5 0  3 . 8 2 9  3 . 0 4 3 1 8 . 8 8 9  2 0 . 0 7 2  B a r l e y - 4 9  cm . 
K 2  S E - 3 0 - 5 0  4 . 2 1 9  4 . 7 0 6  7 . 1 9 1  8 . 3 8 8  S o yb e an s  - 4 c m . 
K 3  S E - 3 0 - 5 0  3 . 3 5 8  2 . 5 7 4  2 1 .  9 6 9  2 8 . 7 7 2  O a t s  - 5 3  cm . 
K 4  S E - 3 0 - 5 0  4 . 8 3 8  4 .  5 7 1  9 . 2 1 3 9 . 6 9 3  C o r n  - l S  c m . 
K S  S E - 3 0 - 5 0 5 . 3 4 4  S . 6 9 4  1 5 . 0 1 9  1 8 . 3 3 3  A l f a l f a  - 1 0  cm . , c u t  
K 6  S E - 3 0 - S O  2 . 6 6 9  6 . 0 4 8  2 9 . 0 1 2  3 2 . 6 7 1  A l f a l f a  - 6 6  c m . 
K 7  N E - 2 8 - 4 9  6 . 1 1 4  6 . 2 8 6  3 2 . 9 3 3  2 5 . 2 2 1  C o r n  - 2 1  c m . , ve ry w e e dy 
K B  NE - 2 8 - 4 9 4 . 4 4 9  4 . 7 3 5  2 3 . 4 8 5 2 5 . 7 3 7  Rye - 1 3 6 cm . 
V l  NE - 2 9 - 4 8  4 . 6 9 6  4 . 0 7 8  2 6  .. 3 7 9 3 7 . 2 1 5  O a t s  - 4 9  cm . 
V 2  S E - 2 0 - 4 8  5 .  8 4  7 .  4 . 5 7 6  2 7 . 0 0 8  3 9 . 2 0 0  F l ax - 1 9  cm . 
V 3  S W - 2 0 - 4 8  4 . 9 4 3  5 . 4 1 5 2 6 . 0 8 4  3 4 . 1 3 1  Ry e - 1 4 7  cm . 
V4 S E - 2 1 - 4 8  3 . 7 7 0  3 . 7 9 3  2 1 .  5 3 5  3 2 . 0 9 9  G r a s s - 4 0 - S S. cm . 
v s  S W - 1 9 - 4 8  4 . 6 9 4  6 . 1 5 7  1 1 . 2 6 1  1 2 . 6 4 1  C o rn - 1 0 - 1 5  cm . 
V 6  S E - 1 9 - 4 8  4 . 9 2 8  5 . 6 1 6  1 2 . 1 3 7  1 3 . 7 3 5  C o rn - 1 0  c m . , ve ry we e d y  
V 7 S E - 2 3 - 4 9  4 . 4 7 3  3 . 8 2 6  2 8 . 4 6 S  3 7 . 3 8 3  A l f a l f a  - 5 8  c m . , b r ome 
vs NE - 2 6 - 4 9  3 . 4 4 2  3 . 0 0 8  2 7 . 4 0 0  4 1 . 6 6 7  A l f a l f a - 5 6  c m . B r o m e -_.1 0 2  
V 9  N E - 2 8 - 4 8  2 . 3 0 0  2 . 8 4 0  2 2 . 1 8 1  3 1 . 9 9 6  G r a s s  
- 3 4  cm . , g r a z e d  
V l O  NW - 2 8 -- 4 8  6 . 2 2 9  6 . 5 7 4  3 3 . 1 0 9  4 8 . 6 8 2  Wh e a t  
- 4 .0 cm . 
i 
T a b l e 7 
J UNE 3 0 , 1 9 7 4  
E XOTE CH I N  P E RC E N T  S I T E 
NUMB E R  LO CAT I ON 4 s 6 7 COND I T I ON 
P w l  s am e  4 . 3 6 8  3 . 6 9 6  2 3 . 3 9 9  3 3 . 8 6 2  O a t s - 8 7  cm . 
· P w 2  a s  4 . 8 2 0 5 . 1 9 1  1 1 . S S 7  1 S . 8 8 S  C o rn - s o  cm . , r e c en t  
J u n e  
cu l t . P w 3  1 2 S . 2 6 5  4 . 0 5 8  3 2 . 7 3 1  5 1 . 1 7  8 O a t s  - 1 0 2  cm . , h e a d e d  P w 4  3 . 7 9 7 4 . 1 0 0  9 . 1 1 3  1 1 . 9 3 5  C o r n  - 3 0  cm . , cu l t . Pw 5 6 . 5 8 5 5 . 7 8 3  2 7 . 6 2 5  3 9 . 1 3 0  A l f a l f a - 2 6  cm . , r e g r o w t h· Pw6 6 .  1�9 2 5 . 9 5 7  2 8 . 0 5 5  4 0 . 8 1 6 A l f a l f a - 2 0 cm . , r e g r o w t h· P B l  4 . 4 8 6  3 . S O l  2 2 . 8 5 3  3 2 . 4 3 2 O a t s - 8 S  cm . , h e a d e d  P B 2  6 . 2 6 7  6 . 3 4 9 1 2 . 4 7 7  1 7 . 7 8 6  C o r n  - ·3 0 cm . , g r a s s y 
P B 3  3 . 8 3 0  3 . 4 8 2 2 0 . 1 0 4 2 8 . 9 8 S  Wh e a t  - 6 8  cm : , h e a d e d  
P B 4  4 . 1 2 3 4 . 0 2 3  1 7. . 4 2 1 1 6 . 7 3 0  C o rn - 7 0  cm_. , e x c e l l e n t  
P B S  6 . 2 0 7  S . 7 0 3  1 3 . 8 9 3 1 8 -. 1 9  5 G r a s s - 8 cm . , g r a z e d 
P B 6  3 . 3 6 3  3 . 3 0 3  9 . 0 5 0  1 2 . 1 7 4  C o r n  - 4 0  cm . , c u l t . P B S  SW - 2 4 - S 2  4 . 7 3 2  4 . 3 5 1  1 9 . 0 5 5 2 5 . 6 S O  F l ax - s o  c m . , w e e d s  
P B 9 N E - 2 9 - S 2  4 . 1 8 6  3 . 3 4 4  2 1 . 3 4 9  2 9 . 1 9 7  F l ax - S 6  c m . , b l o om 
P B l O S E  .. 1 9 - S 2 4 . S 2 6  3 . 8 S 6  1 8 . 7 4 0  2 7 . 2 5 1  O a t s - S 6  - 6 S  cm . 
B P l  NW - 2 8 - S l 3 . 8 6 8  3 . 3 1 2  2 1 . 7 2 8  3 0 . 9 8 6  Wh e a t  - 1 0 5  cm . ,  awn l e s s  
F 4  4 . 2 8 0  4 . 1 3 3  . 8 .  9 5 2  2 0 . 1 4 6  Gr a s s - 9 0  cm . 
F S  3 . 5 4 4  2 . 9 0 4  1 6 . 2 4 1  . 2 0 . 8 S 7  F l a x - s o  cm . 
F 6  3 . 1 3 0  2 . 7 8 3  · 9 . 3 9 4  1 2 . 1 7 6  C o r n - 4 5 c m . , cu l t . · ! : :··1 1 ' 
F 7  3 .  2 7 0 2 . 5 0 6  1 7 . 3 4 4  2 2 . 1 0 1  O n '!: s -
1
} 0 c m . 
F 9  3 . 7 2 8  3 . 2 4 1  l S . 6 0 3  1 8 . 7 2 7  G r a s s  - 6 S  c m . , g r a z e d  
f l O 2 . 8 9 2  2 . 6 9 9  7 . 6 9 9 9 . 6 9 9  S o y b e a n s  - 2 8  cm . , cu l t .  
F l l  NE - 2 4 - 5 1  3 . 0 8 4  2 . 4 0 0  1 4 . 4 1 7  1 8 . 9 4 4 O a t s  - 6 5  c m . 
r: 1 2  N E - 2 4 - S l 4 . 4 0 9 4 . 7 6 4  1 1 . 6 7 4 l S . 0 7 3  Wh e a t  - S S cm . 
F l 3  N W - 2 4 - S l  4 . 2 0 8  4 . 8 3 3  1 3 . 1 9 7  1 6 . 8 1 7 Whe a t  - 6 0  cm . 
F l 4  N W - 2 4 - S l  3 . 1 S 9 2 . 4 0 7 1 4 . 8 6 1 1 8 . 7 3 8  P l  ax - S S  cm . , i r r i g a t e d  
F l  8 . 9 9 3  9 . 0 2 0  2 0 . 6 1 S  2 4 . 4 1 1  Rye � 1 4 7  cm . ,  b r own 
F 2 6 . 3 2 9  6 . 4 0 7 1 3 . 8 9 7 1 6 . 7 8 6  Rye - 1 3 7  cm . , y e l l ow 
F 3  7 . 8 9 S  8 . 2 6 3 1 6 . 5 1 2  1 8 . 8 7 6  Rye - 1 3 4  cm . ,  b r o wn 
L l  3 . 0 3 8  2 . 4 9 3 1 5 . 8 8 4  2 0 . 9 2 2  A l f a l f a  - 3 7  cm . , s p a r s e  
1 2  S . 0 4 5  5 . 2 5 0  1 2 . 8 S 7  l S . 4 2 0  G r a s s  - 4 cm . ,  g r a z e d 
L 3  4 . 1 1 1  3 . 7 3 3 1 8 . 3 3 0  2 3 . 4 5 7  O a t s - 8 S  c m . , w e e d y  
L 4  3 . 0 2 5  2 . 8 9 6 6 . 4 3 2  7 . 6 S 7  C o r n  - 3 0  c m . , c u l t .  
L S  3 . 7 0 5  . 3 . 2 4 6 1 6 . 7 2 1 2 1 . 3 4 8  G r a s s  - 2 S  cm . , g r a z e d  
L 6  3 . 4 9 7 2 . S 8 8  2 2 . S 7 2  3 0 . 6 3 1  O a t s - 8 5  cm . 
L B  2 . 9 3 6 3 . 0 4 3  S . 4 9 9  6 . S 4 3  C o rn - 2 6 cm . , p o o r  
K l  s ame S . 7 6 2  4 . 9 8 3  2 1 .  S 4  7 2 8 . 0 7 0  B a r l e y  - 8 0 c m . , ye l l ow 
K 2  a s  3 . 2 1 2 3 . 2 0 0  7 . 5 7 2  9 . 0 0 9  S o yb e a n s - 2 3  cm . , c u l t . 
K 3  J u n e  2 . 6 6 9  1 .  6 9 6  1 9 . 6 1 2  2 8 . 6 8 2  O a t s  - 9 0  cm . 
K4 1 2  3 . 1 3 0  2 . 8 3 5 9 . 6 3 7  1 3 . 1 3 7  C o r n - S 4 cm . , cu l t . 
K S  3 . 2 8 7  2 . 6 0 2  1 7 . 8 1 8  2 1 . 3 9 0  A l f a l f a  
- ·3 S cm . 
K 6  6 . 4 3 2  6 . 5 1 9  1 6 . 1 2 4  1 9 . 9 S 9  A l fa l f a - 1 0  cm . , r e g r ow t h  
K 7  4 . 0 3 4  3 . 6 7 2  1 1 . 7 8 3  16 . 9 S 4  C o r n  
- 6 0  cm : 
K 9  N E - 2 9 - 4 9  3 . 6 9 6  4 . 1 6 8  7 . 5 8 7 1 0 . 2 0 8  S o yb e an s  - l S  cm . 
K l O  N E - 2 9 - 4 9  4 . 0 3 1  3· . 1 2 4  2 2 , 1 8 1  3 0 . 3 0 3  O� t s  - 7 S  cm . 
F l ax - S S  cm . K l l  S \V - 2 2 - 5 0 
K B  N E - 2 8 - 4 9  6 . 4 8 6  6 . 0 7 8  1 6 . 8 3 1  2 0 . 4 7 9 Ry e - 1 3 1  c m . , m a t u r e  
1 7 . 9 7 8  2 3 . 5 2 9  F l a x  - S S  c m . K 1 2 N W - 2 7 - 5 0 3 . 2 S S  2 . 4 5 9 
I 
JUNE 3 0 , 1 9 7 4 ( c o n t . )  
E X OT E CH I N  PE RCENT 
S I T E  
NUMB E R  L O CAT I O N 4 5 6 7 COND I T I ON 
V l  NW - 2 7 - 5 0  3 . 6 7 0  2 . 8 6 2  2 1 . 9 5 9  3 0 . 3 5 9  Oa t s - 9 5  c m .  
V 2  4 . 5 8 8  3 . 3 1 9  2 3 . 9 1 6 3 3 . 2 1 4 F l ax - 4 2  cm . 
V 3  5 . 3 9 4  5 . 2 9 0  1 7 . 7 4 4  2 2 . 2 7 3 Ry e - 1 1 1  cm . , g r e e n 
V 4  5 . 8 4 9  6 . 3 2 8  1 7 . 4 0 3  2 2 . 6 3 8  G r a s s  - 3 7  cm . , g r a z e d 
, ' 
v s  3 . i 8 s  2 . 8 8 9  1 0 . 5 6 0  1 4 . 3 7 6  C o r n  - S 3 cm . , c u l t .  
V 6  5 . 8 4 1  3 . 7 9 9  9 . 5 0 6  1 1 . 4 2 4  C o rn - 3 8  cm . , w e e d y  
V 7  4 . 3 9 0  3 . S 4 2  l S . 3 5 6  1 9 . 1 7 3  A l f a l f a  - 1 7  c m . , r e g r ow t h  
V B  6 . 6 7 4 8 . 0 0 0  1 6 . 6 0 0  2 0 . 6 3 S G r a s s  - l S  c m . 
V 9  4 . 9 4 8  4 . 6 6 7  2 6 . 9 3 9 Gra s s - 1 0 - 3 0 c m . , g r a z e d  
V l O  3 . 3 3 7  2 . 8 2 4  1 8 . 8 6 8  2 8 . 8 7 5 Wh e a t  - 7 S  cm . 
V l l NW - 3 0 - 4 8  3 . 7 0 6  3 . 3 0 4  1 9 . S l 9  2 9 . 2 9 3  Wh e a t  � s o  cm . 
V 1 2  N W - 3 0 - 4 8  4 . 4 4 9  3 . 4 2 1  2 5 . 8 2 5  3 8 . 0 9 5  B a r l ey - 7 0  cm . 
V 1 3  N E - 2 8 - 4 8  3 .  7 1 9  3 . 2 4 8  2 3 . 5 2 2  3 6 . 2 5 7  Wh e a t  - 8 0  cm . , h e a d e d  
V 1 4  N E - 2 1 - 4 8  4 . 9 7 1  3 . 3 7 9  2 3 . 2 9 0  3 4 . 4 0 9  O a t s - 8 2  cm . 
V l S N E - 2 0 - 4 8  3 . 3 0 5  2 . 6 6 7  2 3 . 1 3 1  3 5 . 0 2 8  F l ax - S S  cm . , v e ry g r e e n  
I :  "·1 
. ... 
S I TE 
NUM H R  
Pw l 





P w 6  
P B l 
P B 2 
P B 3  
P B 4  
P B 6  
PB S 
PB 9 
PB l O  
F l  
F 2  
F 3  
F 4  
F S  
F 6 
F 7  
F B  
F 9  
F l O 
F ll  
F 1 2  
F 1 3  
1 1  
L 2  
1 3  
1 4  
L S  
1 6  
1 8  
K l  
K 2  
K 3  
K 4  
K S  
K 6  
K 7  
K S  
K 9  
K l O  
K l l 
K 1 2  
V l  
T a b l e  8 
LOCAT I ON 4 
s am e  7 . 0 9 1  
a s  4 . 3 6 8  
J u n e  6 . 4 0 7 
3 0  3 . 4 1 1  
4 . 9 3 8 
6 .  9 4 0 :  
6 . 0 8 0  
7 . 2 4 6 
4 . 5 9 7  
S . 6 S 3  
3 . 8 9 6  
3 . 9 3 4 
5 . 6 2 7  
5 . 3 3 9  
6 . 1 4 8  
6 . 1 6 7  
6 . 7 9 5  
6 .  8 2 2  
S . 9 4 6  
4 . 4 8 9 
3 . 9 0 6 
7 .  2 6 7  
3 . 4 4 8  
5 . 6 1 7  
3 .  4 1 1  
5 . 6 3 5  
S . 5 0 6  
6 . S 8 5  
5 .  5 7 1  
6 . 7 7 1  
8 . 1 3 5  
4 . 4 9 6  
5 . 9 4 6  
8 . 4 0 6  
3 . 2 6 3  
9 .  7 2 4 
3 . 2 8 5 
6 . 2 2 9 
3 . 9 5 8  
5 . 0 6 1  
2 . 3 0 2  
3 . 5 0 5  
8 � 8 8 0 
3 . 6 3 3 
7 . 8 8 3  
5 . 7 5 0  
6 .  4 7 1  
8 . 1 5 3  
: 1 .  
JULY 1 9 , 1 9 7 4 
E X OT E CH I N  P E RCENT 
5 6 7 
1 0 . 3 7 0  2 3 . 3 1 3  2 8 . 7 3 2  
3 . ' 2 0 0 2 3 . 2 9 0  3 4 . 3 6 4  
9 . 5 6 5  2 2 . 1 8 1  2 8 . 8 6 5 
3 . 1 3 3  2 0 . 6 2 8  2 6 . 7 2 7  
5 . 1 0 6  2 1 .  9 4 1 3 0 . 0 6 8  
3 .  3 2  7 1 8 . 6 3 2  2 4 . 2 5 3  
6 . 8 0 0  2 0 . 6 2 8  2 7 . 3 4 9  
9 . 9 4 9  2 1 .  5 4  7 2 7 . 6 8 2  
3 . 9' 2 3 2 3 . 6 5 9  3 5 . 3 5 8  
6 . 9 7 4  1 4 . 1 4 0 · 1 8 . 2 2 3  
3 . 0 3 0  2 2 . 1 8 1 3 3 . 4 0 9  
3 . 1 8 8  2 1 .  7 1 4  3 3 . 1 4 2  
5 .  0 9 1  2 4 . 0 2 9  3 2 . 1 8 2  
4 . 7 7 5  1 9 . 2 9 7  2 7 . 2 8 4 
3 . 0 3 0  2 2 . 1 8 1  3 3 . 4 0 9 
7 . 6 0 8  1 4 . 3 3 2  1 7 . 1 5 6  
7 . 4 5 � 1 6 . 0 9 1  1 9 . 6 0 0  
7 .  7 4 6 2 0 . 3 5 4 2 5 . 5 6 5  
7 . 1 2 8  1 9 . 0 1 2  . 2 4 . 9 4 S  
5 . 4 8 1  t B . 7 5 3  2 8 . 1 7 3  
3 . 4 2 9  1 9 . 9 6 3  2 9 . 5 9 1  
9 . 1 5 2  2 0 . 7 0 2  2 7 . 2 7 3  
3 . 0 4 1  1 9 . 0 9 S  2 8 . 4 8 0 
6 .  3 6 3 2 2 . 3 8 2  2 9 . 2 3 3 
2 . 6 0 6  2 2 . 1 8 1  3 3 . 4 0 9 
6 . 8 8 7  2 0 . 5 3 3  2 7 . 2 8 4 
6 . 5 1 9 2 0 . 7 6 1  2 8 . 7 3 2  
8 .  9 3 7  2 0 . 6 5 1  2 7 . 3 9 5 
5 . 4 2 5  1 8 . 9 2 7  2 6 . 0 9 1  
7 . 2 1 6 1 9 . 9 6 3  2 7 . 2 0 5  
1 0 . 9 8 7 2 0 . 7 7 4 3 2 . 4 1 4  
3 . 2 7 3 2 5 . 1 3 8 3 4 . 7 4 5  
6 . 4 7 6 2 0 . 4 2 7  2 8 . 0 6 4  
. 9 . 9 4 9  2 3 . 6 1 9 2 8 . 1 3 9  
2 . 9 2 1  1 7 . 1 4 4  2 3 . 3 8 6  
1 5 . 1 1 1  2 3 . 1 3 6 2 6 . 7 2 7 
2 . 8 S 7  2 1 .  7 3 7  3 1 . 7 3 9  
7 . 3 3 3  2 5 . 4 5 9  3 4 . 2 4 4  
3 . 4 4 1  2 4 . 6 4 S  3 5 . 6 3 6  
4 . 8 8 0 2 1 .  2 9 3  2 8 . 3 9 8 
2 . 2 3 6 1 8 . 9 4 7 2 4 . 2 4 2 
4 . 6 6 0  2 0 . 9 S 2  2 8 . 6 3 0  
1 0 . 9 8 0  1 8 . 7 6 5  Z. Z . 0 0 0  
2 . 8 3 7  1 2 . 3 2 3  1 9 . 1 1 6  
7 . .  8 6 9  2 6 . 6 6 7  3 3 . 0 9 7  
6 . 3 1 8  1 8 . 4 6 9  2 2 . 7 9 7  
7 . 7 8 4 1 9 . 9 6 3  2 6 .  7 2 7  
1 1 . 1 6 3 2 1 . 1 3 7  2 6 . 1 4 6  
i . 
C O N D I T I ON 
O a t s  - 8 0  cm . , b r own 
C o r n  - 1 5 0  cm . , no t a s s e l s  
O a t s - 9 0  cm . , b rown 
C o rn - 1 4 0  c m . , n o  t a s s e l s  
A l f a l f a - 1 7 c m . , un c u t  
A l f a l f a  - 6 c m . , 2 n d c u t 
A l f a l f a  - 6 cm . , 2 n d cu t 
O a t s  - 7 0  cm . , b r own · 
C o r n - 5 0 - 1 0 0  cm . , w e e dy 
P a s t u r e  - 6 cm . , g r a z e d  
C o r n  - 1 6 8  cm . , f e w  t a s s e l s  
C o rn - 1 4 0  c m . , f e w  t a s s e l s  
F l a x - 5 3  cm . , t u rn i ng 
F l ax - s o  cm . , g o l d e n  
O a t s  - s o  cm . , t u rn i n g  
Rye - 3 0  cm . , s t ubb l e  
R y e  - 3 0  cm . ,  s t u b b l e  
Ry e - 2 6  cm . , s t ub b l e  
G r as s - 4 0 - 1 0 0  cm . , g r a z e d 
F l ax - 4 5  cm . , g o l d e n  
C o rn - ] 2 5 c m . , t a s s e l s  ; :
" ! � 
O a t s  - 8 5  c:m . ' b r own 
C o r n  - 1 4 S  cm . , t a s s e l e d  
G r  a.s s - 8 0  cm . , g r a z e d  
S o y b e a n s  - 6 0  c m ' t a l l x s o  
cm w l d e  
O a t s  - 6 4  c m . , b r own 
Whe a t  - 6 0  cm . , g o l d e n  
W h e a t  - 6 0  cm . , g o l d e n · 
A l f a l f a  - 1 4  cm . , 2 n d  cu t 
G r a s s  - 3 cm . , g r a z e d 
O a t s  - 8 0  cm . , b r own 
C o rn - 1 1 0  c m . , w e e dy 
·G r a s s - 3 - 2 0 cm . , g r a z e d 
O a t s  - 8 S  cm . , b r own 
C o r n  - 8 0  c m . , t h i s t l e s  
B a r l e y  s t u b b l e  
S o yb e an s  - 4 0  cm . x 4 0  cm . 
O a t s  - 9 3  cm . , b r own i n g 
Co r n  - 1 3 5  .cm . .  
A l f a l f a  - 1 5  cm . , 2 n d  c u t  
A l f a l f a - .1 0 cm . , r e g r oY{ t h  
C o rn - 1 9 0  c m . , t a s s e l i n g  
Rye s t u b b l e  - 2 8  cm . 
S o y b e a n s  - 3 0  cm . x 3 0  cm . 
O a t s  - 9 0  cm . ,  b r own i n g  
F l a x - S 4  c m . , g o-l d e n : 
F l a x  - 5 8  c m . , g o l de n  
O at s t ub b l e  - 1 2  c m . 
' i  
'# '" 
J u l y  1 9 , 1 9 7 4  ( c o n t . )  
E X OTE CH I N  P E RC ENT 
S I TE 
NUM B E R  LOCAT I ON 4 5 6 7 C O N D I T I ON 
V 2  s a me 4 . 2 1 5  4 . 9 7 0 1 5 . 9 7 0  2 2 . 0 7 9 F l ax - 4 3  cm . , g o l cl e n  
V 3  a s  7 . 3 2 2  1 0 . 8 0 0  1 9 . 9 6 3  2 4 . 9 0 5  Rye - 1 1 5  cm . , b r own 
V 4  Ju n e  6 . 9 4 0  9 . 9 5 6  2 0 . 2 7 0  2 4 . 6 1 7 ·  G r a s s  - 2 0  cm . ,  g r a z e d  
vs 3 0  3 . 1 5 2  2 . 4 2 4 2 1 .  4 5 8  2 7 . 9 5 7  C o rn - 1 5 0 cm . , t a s s e l i n g  
' V 6  6 . 3 8 8  1 0 . 2 9 9  2 7 . 2 8 2  3 6 . 6 6 6  C o r n  
- 1 1 0  cm . ,  w e e dy 
V 7  4 . 9 9 5 3 . 9 4 4  2 4 . 2 8 6  3 1 .  0 8 4  A l f a l f a  - 1 8 - 3 5  cm . , r e g r .  I 
V B  5 . � 9 7  4 . 7 2 0  2 1 .  1 6 4  2 9 . 0 6 9  A l f a l f a - 2 0  cm . , r e g r ow t h  
V 9  6 . 6 7 4 7 .  4..0 7 3 0 . 3 0 2  3 9 . 0 8 8  G r a s s - 2 6  cm ; , re g r ow t h  
V l O  8 . 8 9 8  1 2 . 9 3 3  2 5 . 9 5 1  3 0 . 6 2 5  W h e a t  - 8 4  cm . , b r own 
V l l 4 . 8 9 4  9 . 4 2 2  2 0 . 8 5 0  2 7 . 5 6 2  Wh e a t  - 5 0  cm . , b r o w n 
V 1 2 7 . 3 9 2 1 4 . 3 3 3  2 7 . 5 0 4  2 8 . 9 5 5  B a r l e y  - 7 0  c m . , b r ow n  
V l 3  6 . 3 4 3  8 . 0 0 0  1 4 . 2 3 6 2 8 . 8 8 9  Wh e a t  - 8 6  cm . , g o l d e n  
V 1 4  7 . 9 2 8  9 . 4 8 7 2 5 . 0 7 9 3 1 .  7 3 6  O a t s  - 8 0  cm . , b r own 
V l S 5 . 0 7 8  5 . 5 4 2  1 6 . 2 4 3  2 1 . 0 3 5  F l ax - s o  cm . , g o l <.}. e n  
'' I , • 
T a b l e  9 
AU G U S T  5 ' 1 9 7 4 
E XOTE CH I N  P E RCENT 
S I T E 
NUMlH'. R L O C AT I ON 4 5 6 7 C O N D I T I ON 
Pw l s a m e  1 3 . 9 1 6  1 8 . 3 7 4  3 2 . 7 8 7  3 7 . 5 2 8  O a t s s t u b b l e  - 2 0  cm . Pw 2 a s  6 . 3 3 9  6 . 8 1 3  3 3 . 6 3 8  . 4 8 . 3 4 5  Co rn - 1 9 0 cm . , t a s s e l e d  Pw 3  J u l y  1 0 . 2 8 8  1 8 . 1 8 6 2 8 . 7 8 2  3 L 8 3 7 · O a t s t ubb l e  - 2 0  cm . , c u t Pw4 1 9 7 . 1 1 8  7 . 8 3 1  3 2 . 0 3 0  4 3 . 7 1 8  C o r n  - 1 9 0  c m . , t a s s e l e d  ' P w S  5 . 5 4 1  1 1 . 1 1 5  3 0 . 8 6 7  3 9 . 2 5 6  A l f a l f a - 1 5  cm , 2 n d  r e g r o . I P w 6  7 . Q 0 7  8 . 7 5 3  3 6 . 5 8 8  5 7 . 1 4 1  A l f a l f a - 2 5  c m , 2 n d  r e g r o . P B l 9 . 5 1 8  1 3 . 4 3 5 2 4 . 3 9  2 3 4 . 5 2 4  O a t  s t u b b l e  - 2 0  cm . , b a l e d P I3 2  8 .  7 2 6  8 . 9 5 7  4 5 . 1 4 1  6 1 . 4 0 3  C o rn - 1 7 0  cm , f e w  t a s s e l s  
P B 3 1 5 . 4 1 4 1 8 . 3 4 7 3 0 . 7 9 8 3 9 . 6 7 3  \\'h e a t  - s w a t h e <l , · 1 5  cm . r n 11  6 . 5 7 0  6 . 6 6 0  3 2 . 4 7 3  4 2 . 7 9 7  C o r n  - 2 0 6  cm . , t a s s c l c �l 
P R S  9 . 6 5 0  1 5 . 0 6 8  2 1 . 4 5 9  2 5 . 3 9 1  G r a s s - s cm . , o v e rg r a z e d  
P I3 6  4 . 6 5 G  4 .  8 !i 6  2 5 . 7 9 5  3 8 . 5 4 2  C o r n  - 2 '1 5  cm . , e x ce l l e n t 
P B 8 7 . 3 4 0  1 1 . 4 0 6 1 4 . 4 3 2  3 7 . 0 0 7  F l a x - 5 0  cm . ,  g o l d e n  P n 9 6 . 3 2 7  1 0 . 2 0 8  2 5 . 5 8 6  2 8 . 0 8 1  F l a x  - 4 6  cm . , b r own 
P il l O  1 1 . 2 9 3  1 7 . 0 2 5  3 0 . 9 6 8  3 5 . 8 7 1  O a t s - l S  cm . , h a rve s te d  
F 4  8 .  1 1 1  1 1 . 3 3 5  2 0 . 8 8 7  2 5 . 6 3 2 G r a s s - 1 0 0  c m . , g ra z in g  
F 5  4 . 7 8 5  8 . 2 8 3  1 7 . 4 9 0 2 2 . 5 8 0  F l a x - 5 6  cm . ,  w e e d y 
F 6  5 . 9 1 5  S . 4 4 3  2 6 . 7 4 8  3 8 . 9 3 3  C o r n - 2 2 5  cm . , t a s s e l e d  
F 7  9 . 2 6 0  1 2 . 4 9 7  "2 1 . 1 3 1 2 5 . 9 1 7  O a t s - 1 2  c m . , h a rv e s t e d  
F 8  5 . 8 1 9  6 . 8 0 3  2 0 . 2 0 3  2 6 . 1 5 5  C o rn - 1 6 8  cm . , cl ro u g t h  •" 1 1 '  
1 ; 9 7 .  2 8 7 9 . 4 4 0 2 0 . 4 8 9 2 6 . 3 1 0  G r a s s  - 8 ti  c m . , g r a z e d  
n o  4 . 0 0 4  4 . 2 5 8  2 6 . 8 9 9  4 1 .  3 7 9  S o yb e an s  - [.1 CT.1 . 
f l l 8 . 5 1 6  1 1 . 6 7 5  2 0 . 6 9 6  3 0 . 9 4 7  O a t s - j u s t  h a r v e s t e d 
L1 5 .  5 7 1  7 . 1 9 9  1 8 . 3 0 9  2 3 . 6 7 3  A l f a l f a - 3 4  c m . 2 n d  r e g r o . 
1 2  7 . 8 4 1  9 . 4 8 9  1 9 . 2 0 4  2 4 . 3 6 9  G r a s s - 3 cm . , o v e r g r a z e d  
1 3  8 . 1 8 2  1 0 .  8 9 9  2 1 .  2 8 8  3 0 . 1 3 4 O a t s - 1 9 c m , c u t , n o t  h a r .  
1 4  6 . 2 2 8  6 . 2 9 7  2 9 . 7 4 6  4 0 . 0 9 1  Co x n - 1 8 0  c m . , t a s s e l e d 
L S  9 . 4 3 9 1 1 . 7 8 0 2 1 .  3 8 7  2 6 . 1 3 8  G r a s s  - 3 cm . ,  o v e rg r a z e d  
L 6  8 . 9 4 5  1 2 . 2 6 3  2 0 . 0 0 6 2 4 . 1 0 5  O a t s - 2 2  c m . , s tu b b l e  
L S  5 . 8 9 5  4 . 5 3 9 2 5 . 5 7 3  3 5 . 9 7 9  C o rn - 1 5 4  cm . , t a s s e l s  
K l  8 . 2 8 3  1 1 . 5 3 9  1 6 . 7 8 1  1 9 . 5 7 5  B a r l e y - 2 3  cm . , s t ubb l e  
K 2  2 . 9 3 1  2 . 7 6 1  1 8 . 8 6 7  2 8 . 0 2 5  S o yb e an s  - 6 0  x 4 5  cm . 
K 3  8 . 6 0 6  1 1 . 2 1 6  1 4 . 5 9 2  1 7 . 0 3 9  · O a t s - c h i s e l  p l o w e d  
K 4  3 . 2 6 8  3 . 4 5 5  1 9 . 7 1 1  2 7 . 6 9 2  C o rn - 2 2 5  cm . , t a s s e l e d  
K S  4 . 7 5 8  S . 3 5 0  1 9 . 4 6 4 2 5 . 9 4 7  A l f a l f a - 3 8  c m . 2 n d  r e g r o . 
K 6  S . 0 8 2  6 . 9 4 7  1 5 . 8 2 8  1 9 . 9 6 4 A l f a l f a  - 2 4  cm , p o o r  
K 7  3 . 6 4 3  4 . 0 1 0  1 5 . 5 5 6  2 1 . 4 2 9 C o r n  - 2 0 0  cm . , t a s s e l s  
K S  8 . 6 5 9  1 2 . 1 0 5  1 7 . 3 1 7  1 9 . 6 8 1  Rye s t ub b l e  - 4 0  cm . 
K 9  3 . 6 8 4 4 . 4 4 0  1 5 . 0 6 2  1 9 . 6 5 8  S o yb e a n s  
- 5 2  x 2 7  cm . 
K I O  1 0 . 3 1 7  1 5 . 3 5 4  2 4 . 1 3 7  3 0 . 9 8 6  O :i t s  
- 1 7  ·cm . � s t u bb l e  
V l  6 . 1 6 6  7 . 3 7 5  1 4 . 7 3 4  1 8 . 3 7 5  O a t s - 2 4  cm . , b a l e d ' 
v z  3 . 6 0 1  5 .  0 1 1  1 0 . 1 3 7  1 4 . 1 7 4  F l a x - s o· c m . , g o l d e n  
2 0 . 3 8 6  2 4 . 5 4 0  Rye s t u b b l e  - 2 9  c m . V 3  1 1 . 0 9 1  1 3 . 4 0 1  
7 . 1 4 3  1 0 . 1 8 8  1 6 . 1 5 6  1 9 . 3 0 3  G r a s s 
- 1 9 - 4 9 cm . V 4  
1 9 5  t a s s e l e d  4 . 8 4 5  4 . 7 9 5  1 8 . 8 2 7  2 8 . 7 1 0  C o r n  
- cm . , v s  
I 
. r � 
'S I TE 
NUMB E R  
V 6  
· V 7  
V 8  
V9 
V l O  
V 1 3  
V 1 4  
V1 5 
L O CAT I ON 
s am e 
a s  
Ju l y  
1 9  
A U G U S T  S ,  
E XOT E C I I 
4 5 
3 . 2 4 8  3 . 3 2 2  
4 . 1 0 5  5 . 5 1 3  
6 . 8 1 9 8 . 1 2 1  
7 . 6 9 6  9 . 7 3 7  
7 .  7 0  7 1 0 . 5 6 7  
1 0 . 9 7 4· 1 5 . 0 1 5  
1 3 .  7.3 7 1 9 . 4 4 8  
9 . 4 3 0 1 2 . 1 2 1  
1 9 7 4  ( c o n t . ) 
I N  P E RCENT 
6 7 
1 3 . 3 0 5  1 8 . 0 3 4  
1 5 . 1 5 9 1 9 . 6 2 3  
1 4 . 4 2 3 1 8 . 0 8 5 
1 6 . 7 5 4  1 9 . 6 6 9  
1 6 . 6 3 1  1 9 . 5 6 5  
2 8 . 9 2 1  3 7 . 0 0 0  
3 0 . 2 4 1  4 4 . 6 1 7  
1 5 . 4 3 8  1 6 . 6 3 8  
C ON D I T I ON 
C o rn - 2 0 0  cm . 
A l f a l f a  - 3 5  cm . 
A l f a l f a  - 9 cm . , 2 n d  c u t  
G r a s s - 0 - 3 5  c m . , g r a z e d  
Wh e a t  - s w a t h e d , n o t  c om b � 
Wh e a t  - c u t , n o t c omb i n e d  
O a t s  - b e i n g  c o mb i n e d 
F l ax - s t u b b l e , 1 5  cm . 
. . .  , 
' 1  . i  
T a b l e  1 0  AU G U S T  2 3 '  1 9 7 4 
E X OTE CH I N  P E RCENT 
S I TE 
N UM B E R LOCAT I ON 4 s 1 6  7 CON D I T I ON 
Pw l s am e  1 4 . 3 0 0  1 4 . 9 7 4  3 6 . 7 1 3  5 0 . 7 1 3  O a t s  - g r a z e d , re g r ow th 
· Pw 2 a s  6 .  8 1 5 6 . 0 7 3  2 8 . 3 7 6  3 9 . 1 0 3  C o rn - mo d e r a t e  c a r s  
Pw 3 Au g u s t  8 . 8 8 0  9 . 5 6 5  2 2 . 1 6 0  2 8 . 4 0 0  O a t s - m od e r a t e  r e g row t h  
Pw 4 5 5 . 3 9 1  4 . 6 1 5  2 6 . 9 9 6  3 7 . 7 5 8  C o rn - l a r g e  e a r s  
Pw 5 5 . 0 6 5  3 . 7 6 5  3 5 . 0 4 8 4 8 . 6 6 7  A l f a l f a  - 3 0  cm . 
Pw 6 5 .  4 5 0 · 3 . 4 7 8 3 2 . 5 3 3 5 1 . 5 4 6 A l f a l f a - b l o o m i n g  
P B l 6 .  1 -? 8 7 . 0 0 8  1 8 , 2 9 9  2 5 . 3 9 1 O a t s  - f o x t a i l  r e g rowt h 
·/ P B 2  7 . 3 4 1  7 . 8 6 7  2 4 . 1 2 1  4 3 . 7 S 9  C o r n  - n o e a r s  
P B 3 6 . 6 7 4 9 . 0 3 7 1 4 . 7 3 2  1 8 . 2 8 7  Wh e a t  - p l ow e d , t r a s hy. 
PB 4 5 .  8 4  7 5 . 8 1 3  2 8 . 3 2 3 4 7 . 7 6 8  C o r n  - m o d e r a t e  e a rs 
PB S 7 . 5 5 3  8 .  9 6 5  2 6 . 9 6 7  3 9 . 8 1 2  G r a s s - s cm . , o ve r g r a z e d  
P B 6 4 . 6 5 4  3 . S 1 3  1 9 . 2 9 7  2 7 . 4 7 0 C o rn - g o o d  e a r s  
P B S  5 . 8 9 1  6 . 2 8 6  2 1 .  3 9  8 3 3 . 8 5 5  F l a x - b a l e s , r e g row t h  
P B 9  6 . 8 7 9 7 .  7 s o  2 2 . 9 8 7  3 0 . 7 3 6  F l a x - b a l e d , r e g ro w t h  
PB l O  9 . 2 3 2  1 0 . 1 1 8  2 0 . 2 0 9  2 9 . 0 8 6  O a t s  - g r a z e d , r e g r ow t h  
F 4  6 . 4 7 1 7 . 1 3 3  1 8 . 5 5 1  2 5 . 7 9 5  G r a s s - 3 0  cm . ,  g r a z e d 
,F s 5 .  7 9  8 6 .  2 9 6  1 6 . 1 2 0  1 8 . 6 8 5 f l ax - f o x t a i l , r e g r ow t h  
F 7  S . O l S  6 . 11 4  9 . 8 0 2  1 2 . 3 6 1  O a t s  - p l o w e d , s o me t r as h 
F 8  3 . 6 7 8  4 . 0 1 2  J.: 2 .  7 0 3  · 1 7 . 0 8 8  C o rn - f e w  e a r s , d r i e d up 
F 9  4 . 4 3 8  4 . 2 6 7  2 1 .  7 1 4  3 2 . 6 2 3  G r a s s - 8 4 " ' g oo d  s h a p e  '"� ' . 
F 1 0 3 .  7 3 7  3 . 2 S 9 2 4 . 6 8 8  3 6 . 8 9 5  B e an s  - s o  cm x 9 G  cm w i de 
F 1 1  � . 0 8 3  S . 1 3 8 3 . 6 0 9 1 1 . 4 5 5 O s. t s .. p l o w e d , l i t t l e  t r a s h  
L l  3 . 7 3 1 3 . 0 9 5  2 1 . 8 6 4  3 0 . 6 7 8  A l fa l f a  - 5 3  cm , 2 n d  r e g r .  
1 2  5 . 2 1 8  5 . 6 6 1  1 6 . 0 0 2  2 0 . 8 3 8  G r a s s - s h o r t  b u t  g r e e n  
1 3  6 . 4 7 7  6 . 8 5 7  2 2 . 3 3 9  3 3 . 7 9 1 O a t s  . b a l e s , f o x t a i l  
1 4  4 . 4 4 9  4 . 3 9 2  1 9 . 8 7 6  2 9 . 5 2 7  C o r n  - me d ium e a r s  
L S  6 . 0 9 2  6 . 2 7 5  1 8 . 9 1 2  2 5 . 5 7 1 G r a s s  - 3 cm . , o v e rg r a z e d  
1 6  7 . 6 1 8  8 . 8 8 9  1 6 . 0 3 8  1 9 . 7 3 3  O a t s
' 
- g r_a z e d . r e g r o w t h  
1 8  3 . 9 1 5  3 .  7 0 5  1 8 . 9 3 2 2 7 . 1 4 9  C o r n  - un f i l l e d  e a r s  
K l  S . 0 9 6  4 . 9 3 3 1 1 .  8 3 0  1 8 . 4 1 7  B a r l e y  :... b a l e d  
K 2  3 . 6 5 5  3 . 0 0 6  2 3 . 5 7 0  3 4 . 5 0 3  B e a n s  - 5 0  c m  x 7 0  cm w i d e  
K 3  6 . 6 1 3  7 . 5 5 S  1 2 . 5 5 2  1 5 . 8 9 8 O a t s  - c h i s e l  p l ow e d  
K 4  5 . 0 9 6  5 . 3 8 7  2 1 . 9 7 4 3 3 . 3 3 3  C o rn - l a r g e  e a r s  
K S  3 . 6 4 0  3 . 3 9 2  2 0 . 9 5 7  3 0 . 5 0 8  A l f a l  f a  - 4 5  cm . , g o o d  
K 6  4 . 5 0 5  .3 , 8 6  7 1 9 . 3 5 ·3 2 6 . 4 0 9 A l f a l f a - 2 9  c m . , we e dy 
K 7  2 . 8 5 4  2 . 5 8 6 1 7 . 7 4 4  2 6 . 7 2  7 C o rn - m o d e r a t e  e a rs 
J... 8 6 . 4 8 3  7 . 4 7 3  1 3 . 3 0 8  1 7 . 6 2 2 Rye s t ub b l e  - r e g r owt h 
K 9  2 . 9 7 4 2 . 4 4 9 2 0 . 7 5 2  3 0 . 4 0 2  S o yb e an s  - 3 1  c m  x 6 1  cm 
K I O  5 . 8 9 5  6 . 3 5 4  1 4 . 8 0 2  1 9 . 5 3 1  O a t s  - b a l e d , r e g ro w t h  
V l  5 . 4 8 1 5 . 5 3 6  2 0 . 3 3 2 2 6 .  7 2 7  O a t s - r e g row t h , w e e dy 
V 2  4 . 5 2 2  5 . 8 9 3  1 2 . 6 2 2  1 6 . 9 5 4  F l a x - h e avy r e g r o w t h  
V 3  5 . 3 3 9 S . S 8 8 . 1 4 . 0 7 3  1 9 . 1 5 8  R y e  - b a l e d , g r e e n  r e g row t h  
V 4  4 . 8 7 7  4 . 0 1 3  2 0 . 0 4 S  2 8 . 8 4 4  G r a s s - 1 0  cm . , n o  g r a z i n g  
v s  4 . 5 6 3  4 . 0 3 4 1 7 . 5 8 6  2 ·3 ,  2 6 7  C o rn - p o o r  e a r s  
V 6  3 . 0 5 1  2 .  7 1 0  1 4 . 4 5 3  1 9 . 5 3 1  Co rn - l a r g e  e a r s  
V 7  3 . 4 4 0  2·. 9 5 1  1 9 . 6 5 3  2 7 . 0 6 4  A l f a l f a - 3 9  c m . , r e g r ow t h  
v s  4 . 0 0 4  3 . 7 7 1  1 6 . 8 2 0  2 6 . 1 4 6  A l f a l f a  - 1 4  cm . , · dry 
AUGUST 2 3 ,  1 9  7 4 ( c o n t . )  
EXOTE CI I I N  P E RC E N T  
S IT E  
N UMB E R  LO CAT I ON 4 s 6 7 COND I T I ON 
V9 s a me 5 . 0 5 9  5 . 6 5 2  1 8 . 4 5 4  .2 9 . 8 8 0  G r a s s - 3 - 4 0  cm . 
V l O  a s  7 .  8 7 9  9 . 6 2 0  1 8 . 6 3 2 2 3 . 9 5 0  Whe a t  - b a l e d  
V l l  Au g u s t  s .  7 1 2  9 . 0 9 1  1 5 . 3 3 0  2 2 . 1 0 1  Whe a t  - b a l e d , r e g row t h  
Vl 2 5 5 .  9 0 6. 6 .  34 7 1 3 . 9 8 2  1 9 . 2 0 2  B a r l e y  - f o x t a i l s  
I V 1 3  6 . 6 3 7  6 . 9 1 4 1 7 . 2 1 2  2 5 . 1 0 7 Whe a t  - b a l e d , w e e d s  
V 1 4  8 .  2'5 9 9 . 2 6 8  2 1 . 9 6 9  3 1 . 0 1 7  O a t s  r e g r o w t h , g r e e n  
V 1 5  4 . 6 7 1  4 . 5 3 1 1 4 . 9 7 2  2 0 . 5 5 9 F l ax - w e e d y  
. .  , , ,  
S I T E 







P B l 
P B 2  
PB 3 
P B 4 
r n 5  
P B G  
P B 8  
P R 9 
PB l O  
F 4  
F 5 . 
F6 
F 7  
F 8  
f 9  
n o  
F l l 
L l  
L 2  
L 3  
1 4  
L S  
1 6  
1 8  
K l  
K 2  
K 3  
K 4  
K S  
K 6  
IC 7 
K 9  
K l O  
K l l 
K 1 2 
V l  
V 2  
V 3  
v s  
T a b l e  1 1  
LOCAT I ON 
s am e  
a s  
A u g u s t  
2 3  
4 
1 9 . 2 9 9  
1 5 . 1 8 2 
1 5 .  5 7 2  
1 4 . 4 4 6  
1 0 . 9 6 4  
1 1 .  4 8'7 
9 . .. 1 4 6  
1 7 . 7 0 3  
6 . 7 5 2  
1 6 . 0 3 3  
1 1 . 1 2 3  
9 . 3 4 3  
6 .  7 4  3 
6 . 4 3 0 
1 7 . 8 1 4  
1 1 . 3 4  5 
1 4 . 1 4 8 
1 6 . 8 4 6  
1 .  6 6 8  
1 3 . 4 5 8  
1 S . J 8 3 
1 2 . 5 9 0  
5 . 7 4 2  
8 . 5 0 3  
1 0 . 0 2 1  
1 0 . 9 0 0  
1 6 . 1 4 4 
9 . 5 1 5  
4 . 8 6 5  
1 2 . 4 3 9 
5 . 3 8 1  
1 1 .  7 5 8  
1 0 . 8 7 0  
9 . 7 9 8  
8 . 5 8 9  
8 . 6 2 0  
1 0 . 0 2 1  
8 . 9 8 7  
5 . 6 9 5  
6 . 1 4 0  
5 . 2 5 1  
6 . 6 7 4  
1 0 . 7 7 5  
9 . 8 1 2  
1 0 . 5 5 9 
S E P T EMBER 2 8 ,  1 9 7 4  
E X OTE CH I N  P E R C ENT 
5 
2 5 . 1 8 5  
2 5 . 0 9 8  
2 5 . 5 3 8  
2 0 . 0 0 0 
1 5 . 4 8 0 
2 0 . 1 6 7  
1 3 . 6 8 9 
2 3 . 7 3 3  
9 . 1 6 2  
2 2 . 8 1 5  
1 5 .  7 5 2  
1 4 . 2 7 5 ' 
9 . 0 4 3  
1 1 . 5 5 6  
2 6 . 6 6 7  
1 6 . 4 5 4  
2 1 .  8 1 8  
2 2 . 3 8 1  
9 . 1 9 5  
2 5 . 6 7 9 
1 9 . 7 3 3  
1 8 . 6 2 1  
7 . 7 8 1  
1 3 . 3 3 3  
1 3 . 3 3 3  
1 8 . 0 0 0  
2 8 . 2 5 4  
1 2 . 9 2 9  
5 . 6 3 3  
1 8 . 1 2 5 
6 . 1 1 4 
1 1 . 5 7 9 
1 2 . 0 3 7  
1 1 .  5 0 0  
8 . 6 9 6  
9 . 9 1 5  
1 2 . 7 4 1  
1 1 .  0 5 7  
6 . 4 0 0  
7 . 7 1 9 
6 . 8 1 5  
9 . 7 5 6 
6 
3 5 . 4 8 9 
3 9 . 5 0 9 
3 9 . 9 2 5  
3 3 . 2 7 1  
3 1 . 3 7 0  
3 6 . 9 6 4  
2 4 . 8 0 7  
3 7 . 7 0 7 
1 3 . 4 7 4 
3 5 . 2 6 7  
3 3 . 6 6 2  
2 1 .  6 7 4  
1 6 . 2 4 3  
1 5 . 8 4 9  
4 2 . 5 8 7  
2 4 . 2 8 8  
3 4 . 7 5 0  
3 5 . 4 8 9 . 
•
1 3 ,  5 6 9  
3 8 .  7 1 5  
3 4 . 4 8 ]  
2 7 . 1 7 1  
1 3 . 4 1 9  
2 3 . 5 1 1  
2 9 . 0 3 6  
3 1 . 5 4 1  
3 1 . 9 4 0  
2 5 . 6 8 3 
6 . 9 9 5  
2 9 . 9 4 4  
8 ' .  9 6 4  
2 8 . 9 4 6  
1 9 . 4 8 7  
1 5 . 3 8 8  
2 3 . 6 8 1  
2 0 . 6 0 6  
3 0 . 8 7 5  
1 8 . 7 1 5  
7 
5 0 . 9 3 3  
6 3 . 3 0 1 
6 7 .  3 7 5. 
4 8 . 5 9 5  
5 0 . 4 0 0 
5 9 . 8 1 8  
3 2 . 5 7 4 
6 2 . 7 0 6  
1 8 . 5 0 3  
4 9 . 8 5 7  
4 7 . 3 8 0  
2 8 . 2 1 2  
2 6 . 1 3 3 
2 7 . 3 3 5  
5 7 . 0 5 2  
3 9 . 5 3 4  
5 4 . 0 9 1  
4 9 . 2 2 3  
1 9 . 0 3 3  
H . 1 1 9 
S 0 . 3 S 2  
4 3 . 4 3 2  
1 8 . 7 5 2  
5 2 . 6 5 3  
4 1 .  3 5  5 
4 1 . 1 1 9  
4 5 . 6 9 5  
3 8 . 5 6 4 
1 1 .  3 2 0  
3 9 . 2 8 1  
1 2 . 9 2 8  
2 6 . 4 0 1  
2 4 . 8 9 7 
2 3 . 2 6 8  
4 3 . 6 1 7  
2 7 . 7 0 5  
2 8 . 4 6 5  
2 5 . 0 1 8  
1 3 . 6 8 2  
1 6 . 7 0 5  
1 6 . 6 1 4  
2 7 . 3 2 1  
2 7 . 3 4 2  
2 8 . 5 4 2  
1 1 .  7 0 7  
1 2 . 3 3 3  
1 2 . 3 5 8  
9 . 9 8 1  
1 2 . 6 4 3  
1 2 . 1 1 5  
2 1 .  7 3 7  
1 5 . 4 1 0  
2 0 . 7 9 4  
2 1 .  4 1 8  ' 2 7 . 3 4 9  
. . 
COND I T I ON 
I 
I .  
O a t s - 6 c m . , g r a z e d 
C o rn - 6 8 " ,  f a i r l y g r e e n  
O a t s - c h i s e l e d p l o w e d  
C o r n  - 7 3 " , b r own 
A l f a l f a  - 1 0  cm . , g r a z e d  
A l f a l f a - 4 cm . 
O a t  s t u b b l e  - 1 4  cm . 
C o rn - 3 3  cm . , s i l a g e , w e e d  
Wh e a t s t u b b l e  - d i s k e d  
Co rn - 8 3 " , d e n t e d  
G r a s s - 3 cm . , o v e r g r a z e d  
C o r n  - 8 3 " , b r own 
P l ax - p l ow e d , t r a s h  
F l a x - 1 5  c m . , f o x t a i l ,  
b rown · 
O a t s  - b a l e d wo cm . 
G r a s s - 0 - 3 0 c m . , g r a zw s  
f l a x - 1 8  cm . , b r own 
Corn - 8 2  cm . , v e ry b ro w n  
O a t s  - p l ow e d  a n d  d i s k e d  
Co rn ..; 4 1 1 1 , v a r L:1 b l c  h e i g h t  
G r a s s  - n o  rr r � � j n 7 
S o yb e an s  - co mb i n� d 
O n t s  - d i s k e d  
A l f a l f a - 2 5 - 3 3 cm . 
G r a s s - 3 cm . , g r e en 
O a t s  - f o x t a i l , 1 3  cm , 
b r own 
C o rn - 6 3 " 
G r a s s - 2 cm . , n o t  g r a z e d  
O a t s  - m o l d  b o a r d  p l ow e d  
Co rn - 7 3 "  
B a r l e y  p l ow e d  
S oyb e an s  - c omb i n e d  
O a t s  - c h i s e l  p l ow e d  
C o r n  - s i l ag e d , 2 0  cm . 
A l f a l f a  - 4 0  c m . 
� l f a l f a  - 1 5  cm . , g r a z i n g  
C o r n - 8 1 " , b r own 
B e an s  - c omb i n e d  
Oa t s  - p l ow e d  
F l ax - p lo w e d  
F l ax - p l o w e d  
O a t s - 2 6  cm . , b r own w e e d s  
f l a x - b a l e d 
Ry e - b a l e d Co r n  - b r own , 7 3 " 
S E PTEMBER 2 8 , 1 9 7 4 ( c o n t . )  
EXOTE CH I N  P E RCENT 
S I T E 
NUMBE R L O CAT I ON 4 5 6 7 CON D I T I ON 
V6 1 0 . 9 9 0  1 3 . 6 8 4  2 2 . 6 2 4  2 9 . 6 6 1  Co rn - b r own , 6 7 " 
V 7 9 . 0 5 1  1 1 . 1 6 7  2 1 .  3 7 4 . 3 1 . 8 1 8  A l f a l f a  - 1 0  cm . 
V B  7 . 1 1 1  8 . 1 6 7  1 8 . 4 6 0 2 5 . 7 8 4 A l f a l f a  - 1 8  cm . 
' V9 8 . 3 6 4  1 0 . 1 7 5 2 4 . 2 5 6  3 4 . 7 7 6  0 - 3 5  cm . ,  g r a z e d  
,, V l O  1 0 . 3 4 4  1 3 . 0 0 0  2 0 . 1 7 7 2 6 . 0 8 3  Wh e a t  s t ub b l e - 2 0  cm . I V l 3 1 2 . 0 2 5  1 4 . 7 7 5  2 0 . 6 0 6  2 7 . 0 5 3  Wh e a t  s t ub b l e 
V l 4  9 :6 0 3  1 2 . 0 0 0  2 2 . 5 2 2  3 2 . 7 7 3  O a t s - w e e dy 
V I S  5 . 2 9 7 8 .  5 7 1  1 0 . 6 9 8  1 5 . 2 0 6  F l ax - p l ow e d  
! i 1 
. . 
. I 
